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ABSTRACT 
The objectives of this experiment were to evaluate the use of functional oils (FO) mixture 
and Essential™, with and without ionophores on feedlot performance, carcass characteristics 
and economic analysis of cattle drylot finishing programs.  The FO, natural products 
composed of cashew nut shell oil and castor oil, have been introduced into the United States 
because they are thought to offer similar benefits as ionophores without the drawbacks of 
being synthetic products.  A two-trial study was conducted using 120 (322 ± 10 kg) Angus 
and Angus crossbred steer calves in each trial.  Calves were weighed and assigned to five 
treatment groups by weight and color pattern, with four replications and six cattle per 
replication in each trial.  Treatments were: control, no additives (CON); monensin, 223 
mghd-ld-l (MON); monensin, 223 mghd-ld-l + functional oils, 250 mgkg-l DMI (MON+FL); 
functional oils low, 250 mgkg-l DMI (FL); and functional oils high, 500 mgkg-l DMI (FH).  
All steers were fed the same diet (0.29 Mcal of NEg/kg DM, 0.41 Mcal of NEm/kg DM) on 
an ad libitum basis.  In the first trial, steers were fed on average for 169 days, and in the 
second trial, 161 days.  The daily DMI was not affected by FO.  The MON treatment 
improved cattle ADG and FE when compared with FL and FH treatments (P < 0.05).  The 
FH treated cattle had a higher percentage of liver abscesses compared with the MON 
treatment cattle (P < 0.05) and cattle in other treatments.  The FH cattle had the highest 
dressing percentages (DP) among treatments and differed from MON and FL (P < 0.05), but 
not from CON and MON+FL treatments (P > 0.05).  The FH cattle had the largest REA and 
differed from MON (P < 0.05).  However, BF thickness was not different among treatments 
(P > 0.05).  Although, YG for all treatments were YG 2, MON+FL treatment cattle had the 
best cutability and differed from MON treatment cattle (P < 0.05), but not from CON, FL 
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and FH treatments (P > 0.05).  Quality grade was not different (P > 0.05) among treatments.  
The percentage of Choice and Prime carcasses, however, tended to increase with levels of FO 
in the diets.  The FH cattle had the most Prime grade carcasses and differed from CON and 
MON+FL treatments (P < 0.05), but not from MON and FL treatments (P > 0.05).  Using 
actual costs and prices, profitability was numerically highest for the MON+FL treatment 
cattle.  The MON treatment cattle tended to have the lowest profitability.  Carcass price 
provided the greatest impact on profitability, followed by feeder price and then corn price 
when using actual costs and prices.  Plus and minus 5% sensitivity analyses for corn, feeder 
and fed cattle price followed the same trend.  When using annual and seasonal price 
scenarios, profitability favored the FH treatment cattle, presumably a result of their higher 
percentage of Prime and Choice carcasses.  From these results, it is suggested that steer 
calves provided FO in their diet showed tolerable and similar ADG and FE, and produced 
carcasses with acceptable and similar YG and QG.  The use of FO with an ionophore, such as 
monensin, in a cattle drylot finishing system is the most profitable compared with other 
dietary treatments when using actual price; however, when annual and/or seasonal average 
prices are used, inclusion of FH creates more profitable feeding programs.  Thus, the use of 
FO may provide a viable alternative to ionophores for feedlot cattle.   
 
Key words: feedlot cattle, functional oils, ionophore, performance, profit 
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CHAPTER 1 
INTRODUCTION 
Over the past few decades, pharmaceutical technologies such as antibiotics, 
ionophores, methane inhibitors and parasite controlling agents have been used in beef cattle 
production systems to improve cattle performance and reduce costs of production.  In 
particular, about 92 % of all feedlots used growth promotant implants, 83 % used antibiotics, 
93 % used ionophores and 46 % used coccidiostats in their production systems (Health 
Management and Biosecurity in U.S. Feedlots, 1999).  One of the main reasons of feeding 
cattle with antibiotics is to prevent disease and metabolic disorders and improve rumen 
fermentation with an aim to enhance the efficiency of cattle production.  In 1968, the generic 
term ionophore was first introduced to refer to all carboxylic polyethers that fit the classical 
definition of antibiotics (Pressman, 1976).  Since the mid-1970s, ionophores have been used 
extensively to manipulate ruminal fermentation and thereby improve the efficiency of feed 
utilization and weight gain of growing ruminants.  
The use of ionophores in feedlots will reduce the cost of production by approximately 
$12-13 per head or about 1.2 % (Lawrence and Ibarburu, 2007).  In recent years, public 
concern over routine use of antibiotics in livestock nutrition has increased due to the 
emergence of antibiotic-resistant bacteria that may represent a risk to human health. As a 
result, certain countries have banned the use of antibiotics in animal feeds.  In 1997, the 
World Health Organization called for a ban on using antibiotics to promote growth in animal 
agriculture.  In 1998, the European Union (EU) banned adding antibiotics of human-use to 
animal feed.  As of January 2006, the EU imposed a complete ban on the use of antibiotics in 
2 
 
animal feeds (Directive 1831/2003/CEE, European Commission, 2003).  Consequently, a 
considerable amount of effort has been devoted towards developing alternatives to modulate 
rumen fermentation, including the use of yeasts, organic acids, plant extracts, probiotics,  
antibodies and plant secondary metabolites.  Plant secondary metabolites are naturally 
occurring chemical compounds in plants that are primarily involved in plant defense against 
pathogens and ensure survival of the plant structures and reproductive elements.  These 
secondary metabolites are difficult to classify due to the complexity of their metabolic 
pathways of synthesis and their properties.  
There exists a well-established literature on the use of secondary metabolites, such as 
essential oils, as natural feed additives to improve the efficiency of rumen fermentation, 
decrease methane production, reduce nutritional stress and improve animal health and 
productivity (Benchaar et al., 2007; Calsamiglia et al., 2007; Wallace, 2004).  Relatively few 
studies however, have been done on the phenolic lipids or functional oils of the family 
Anacardiaceae and Euphorbiaceae.  The phenolic lipids are the secondary metabolic 
compounds that include both simple single-ring phenols and their derivatives (Stasiuk and 
Kozubek, 2010).  
Compared with essential oils, functional oils are defined as those oils that have an 
action beyond the nutritional value.  Functional oils are anacardic and ricinoleic acids, which 
are the main groups of phenolic lipids.  They are derived from natural cashew nut shell liquid 
(CNSL) and castor oil.  The CNSL, a by-product of cashew nut processing factories, is used 
in brake linings, paints, primers, cements and coatings.  The CNSL has attracted a great deal 
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of attention due to its biological characteristics that include antitumor, antimicrobial and 
antioxidant activities (Himejima and Kubo, 1991; Kubo et al., 2006).   
The overall objective of this study is to evaluate the effects of functional oils, with 
and without ionophores, on feedlot finishing programs and to compare feeder cattle live 
performance, carcass characteristics and production economics.  
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CHAPTER 2 
LITERATURE REVIEW 
Functional Oils  
Cashew Nut Shell Liquid.  The cashew tree (Anacardium occidentale L.), a member 
of the family Anacardiaceae, is a tropical tree native to Brazil.  Interest in the cashew nut was 
centered originally on obtaining the kernel, but the shell liquid was of little interest until its 
use in industry was appreciated in the years preceding World War II.  This tree is now 
extensively cultivated in India and east Africa.  Today, India is the largest producer of 
cashew nuts, accounting for almost 50 % of world exports.  The tree also yields the cashew 
apple to which the nut is attached.  A number of processes have been developed for 
converting cashew apples into various products, such as juice, jams, syrups and various 
beverages.  Cashew nut shell liquid (CNSL) is an important agricultural by-product of 
cashew nut production.  The potential annual availability of this material, which accounts for 
about 32 % of the shell, is enormous.  The main applications of CNSL are in the plastic 
industry.  Industrial application of CNSL - based products are numerous, including brake 
linings, paints and primers and cements.  The biologic activities of CNSL components have 
attracted considerable attention, in the areas of antitumor, antimicrobial, antibacterial and 
antioxidant activities (Himejima and Kubo, 1991; Kubo et al., 1986; Kubo et al., 1993).  
On the basis of the mode of extraction from cashew nut shell, CNSL is classified into 
two types -- solvent extracted CNSL and technical CNSL.  The solvent-extracted CNSL from 
cashew nuts is obtained by heating and contains a range of alkyl phenols.  The CNSL contain 
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60-65 % anacardic acid, 15-20 % cardol, 10 % cardanol and traces of methylcardol.  
Technical CNSL is obtained by roasting shells and contains 60-65 % cardanol, 15-20 % 
cardol, 10 % polymeric material and traces of methylcardol.  CNSL, as a crude mixture, 
seems to be a potent scavenger of reactive oxygen species and inhibitor of xanthine oxidase.  
Selective fractionation of the major alkyl phenols within CNSL reveals that the active 
principals are anacardic acid and to a much lesser extent cardol.  Anacardic acid shares the 
same phenolic ring system as salicylic acid and the presence of a phytyl side chain confers 
far greater antioxidant capacity.  The reason is that anacardic acid potently inhibits 
generation of superoxide anion and uric acid by xanthine oxidase (Masuoka and Kubo, 
2004).  The anacardic acids also appear to be the cause for their greater antioxidant capacity 
compared to a range of other known antioxidants.   
A substantial amount of the cashew apple, heat damaged and broken kernels, 
following processing, are used in formulations of animal or poultry feeds.  These waste 
products, which contain high contents of anacardic acids with high antioxidant capacity, 
could be better utilized in food formulations and may represent a cheap source of cancer 
preventive agents.   
The hot CNSL bath process now extracts most CNSL spontaneously.  In this process, 
raw nuts are heated at 180-190°C and held on a slow - travelling conveyor belt submerged 
below the liquid level.  The natural CNSL is decarboxylated and cardanol is produced from 
the anacardic acid, which produces the technical CNSL.  The roasted nuts (after removal of 
residual CNSL) with the inner shell intact are shelled by two main procedures.  
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The procedures are:  
Sturtevant process – during this procedure, the nut is projected at a hard plate that  
shatters the shell and centrifugally allows a separation of the intact kernel.  
Oltremare process – during this procedure, the shell is cut around the middle and the 
two halves are removed, leaving the intact kernel. 
However, some natural CNSL is obtained by cold solvent extraction on a very limited 
scale in Brazil and in East Africa.  Because the main demand is for cardanol, the natural 
material has to be subsequently decarboxylated and accordingly most manufacturing is 
directed towards obtaining technical CNSL.  
Phenolic Lipids.  Phenolic lipids, compounds that have been known for over a 
century, are more recently being extensively studied, not only from the biological point, but 
also from the chemical point of view.  Phenolic lipids are secondary metabolites synthesized 
mainly by plants as well as by animals, fungi and bacteria, both during normal development 
and in response to stress conditions such as infection, wounds and UV radiation.  The 
secondary metabolites are not essential for cell growth.  These compounds are a very 
diversified group and include both simple single-ring phenols and their derivatives.  
Chemically, phenolic lipids are derivatives of mono- and dihydroxyphenols, namely 
catechol, resorcinol and hydroquinone.  The most common phenolic lipids are resorcinolic 
lipids, anacardic acid, cardanol, merulinic acid, urushiol, cardol and methylcardol (Figure 1).   
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The presence of separate hydrophilic and hydrophobic regions in phenolic lipid 
molecules indicates their strong amphophilic character.  Some phenolic lipids are very useful 
compounds in chemical semisynthesis or other industrial applications.  Phenolic lipids have 
 
 
Figure 1.  Structures of phenolic lipids. A - anacardic acid, B - cardanol, C - merulinic acid, 
D - cardol, E - methylcardol (adapted from Stasiuk and Kozubek, 2010).  
 
many biological activities; however, total understanding of the biological function of these 
compounds and the detailed mechanism of their effects on cellular processes is still 
incomplete.  One of the mechanisms is their antioxidant activities.  Phenolic lipids present in 
CNSL show great antioxidant activities.  A mixture of anacardic acid shows higher 
8 
 
antioxidant capacity than cardol and cardanol.  The antioxidant capacity of anacardic acid is 
related more to the inhibition of superoxide generation and xanthine oxidase than to 
scavenging of hydroxyl radicals (Trevisan et al., 2006).  Trevisan et al. (2006) concluded that 
CNSL has more antioxidant capacity than cashew apple (100 vs. 53 %, respectively).  A 
study conducted by Amorati et al. (2001) concluded the oxygen consumption by 
hydrogenated cardol and hydrocardanol and its derivatives during reaction with peroxyl 
radical showed that cardanol represents a renewable, low-cost and convenient alternative 
source for a number of products with good antioxidant properties.   
Another important aspect of phenolic compounds present in CNSL is the exhibited 
potent antibacterial activity against Bacillus subtilis and Penicillium chrysogenum (Himejima 
and Kubo, 1991).  Likewise, the antimicrobial activity of CNSL and anacardic acid was 
tested against several strains responsible for cutaneous infection.  Also, the CNSL exhibited 
inhibitory activity against Propionibacterium acne, Corynebacterium xerosis and various 
strains of Staphylococcus aureus; however, it was not active against several fungi, one being 
Pityrosporum ovale.  Anacardic acid and cardanol from crude extracts of ginkgo fruits 
exhibited growth inhibition of the Gram-positive bacterium B. subtilis; however, the 
sensitivity of the Gram-negative bacterium Escherichia coli to anacardic acid and their 
derivatives was expectedly lower than that of B. subtilis.   
Studies conducted by Narasimhan et al. (2008) on the efficiency of anacardic acid as 
a preservative in tomato products showed that this compound was active against both Gram-
positive and Gram-negative bacteria (S. aureus, B. subtilis and E. coli).  They concluded that 
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anacardic acid can be considered an alternative natural preservative to synthetic 
preservatives. 
Furthermore, phenolic lipids exhibit fungistatic properties similar to their antibacterial 
activity.  The resistance of barley seeds to the pathogenic fungi Aspergillus niger and 
Penicillium crysogenum was attributed to resorcinolic lipids present in the seeds epicuticular 
wax.  One of the naturally occurring mycotoxins such as aflatoxin (most carcinogenic) is 
inhibited by fresh and processed cashew apple juice.   
Anacardic acid (2-hydroxy-6-alkybenzoic acid) differs in the alkyl chain length and 
the number and position of double bonds and is structurally similar to aspirin and salicylic 
acid.  Anacardic acid is found in a limited number of plant families including Anacardiaceae, 
Geraniaceae, Ginkgoaceae and Myristicaceae. Anacardic acid is most often found as one 
component of a complex mixture of structurally related phenolic lipid including cardol, 
cardanol and urushiol.  Anacardic acid is effective against Gram-positive bacterium and is 
much less effective against Gram-negative bacterium (Himejima and Kubo, 1991; Kubo et 
al., 1993; Muroi et al., 2004).  Some researchers concluded that anacardic acid is potentially 
useful against medically important bacteria that are involved in tooth decay (Streptococcus 
mutans), acne (Propionibacterium acnes), ulcers (Helicobacter pylori) and infection 
(Staphylococcus aureus).  However, most importantly is the synergistic effect with 
methicillin against the methicillin-resistant S. aureus strain.  This effect was found to be 
related to both the length and the unsaturation of the alkyl side chain and decreased with 
increasing number of double bonds in the alkyl chain (Muroi et al., 2004).  As well, some 
activities against other pathogens have been tested too.  For example, anacardic acid from 
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CNSL was found to have limited effects on inhibiting the growth of protozoa, especially 
Gyrodinium cohnii and Euglena gracillis, fungi and yeast.  From the limited work conducted 
thus far however, anacardic acid does not appear to be widely effective against fungal growth 
but may play an important role in inhibiting spore germination.  
One of the important biological activities of anacardic acid is the anti-cancer activity.  
This activity was first shown against sarcoma 180 ascites tumor growth in mice.  Later, 
anacardic acid from cashew apple juice was reported to inhibit proliferation of cultured 
human breast and cervix carcinoma tumor cells (Kubo et al., 1993).  Generally, anacardic 
acid, cardol and cardanol display varying levels of anticancer activity but differ in 
effectiveness against specific cell lines. 
Anacardic acid also is known to inhibit enzymes such as prostaglandin synthase, 
tyrosinase and lipoxygenase (Kubo et al., 1994; Shobha et al., 1994).  It also strongly inhibits 
digestive enzymes such as a-glucosidase, invertase and aldose reductase, whereas the 
structurally related salicylic acid lacking an alkyl phenyl side chain is a very weak inhibitor.  
Castor Oil.  Vegetable oils can function as a source of food and also provide an 
important feedstock for the chemical industry.  Most vegetable oils contain the saturated and 
unsaturated five main fatty acids.  These fatty acids are synthesized from acetyl-CoA by a 
series of reactions that are localized in the plastids.  The saturated fatty acids are palmitate 
and stearate, and the unsaturated fatty acids oleate, linoleate and α-linolenate.  The usefulness 
of these oils is impeded as a result of the limited functionality available in the oils.  However, 
there are numerous plants that produce oils containing fatty acids with additional functional 
groups that  enhance their value (Ohlrogge, 1994).  One such oil is castor oil, derived from 
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the bean produced by the castor plant (Ricinus communis L.).  Castor oil holds a special place 
in history; early Egyptian physicians employed the castor plant for medicinal purposes.  The 
castor plant is a native to many parts of the world, especially the tropics and the 
Mediterranean.  The name castor is derived from the Jamaican plant Agnus castus.  Cited by 
Atsmon (1989), the first pharmacological study on ricinoleate was done by Meyer in 1897, 
which was published in Archiv der Pharmazie journal.  He confirmed that about 90 % of 
castor oil total fatty acids consisted of ricinoleic acid (12-hydroxy-octadec-9-enoic acid).  
The main character, which represented the mid chain hydroxyl group, makes ricinoleate an 
excellent source of greases and other lubricants.  Currently, there are more than 300 patented 
uses of castor oil and ricinoleate (Caupin, 1997).  The rest of the composition of the castor oil 
total fatty acids contents includes roughly 4 % oleate, 4 % linoleate and small amounts of 
palmitate and linolenate (Atsmon, 1989).  The leaves of the plant contain no detectable 
ricinoleic acid, as is normal with plants producing unusual seed fatty acids.  Therefore, the 
conversion of oleate to ricinoleate in castor oil is highly efficient.  Several enzyme activities 
have been identified that give castor oil its unique ability to produce high concentrations of 
ricinoleate.  One of the main enzymes is oleoyl-12-hydroxylase.  This enzyme converts 
oleate to ricinoleate, which is very important to the castor oil biosynthetic pathway.  These 
enzymes serve two basic roles: high incorporation of ricinoleate into the acylglycerol fraction 
and exclusion of oleate from the triacylglycerol fraction (McKeon and Lin, 2002). 
General summary of the castor oil biosynthesis according to McKeon and Lin (2002) 
is as follows: oleate is produced in the plastid and exported into the cytosol forming oleoyl-
CoA (Figure 2).  This product of fatty acid biosynthesis initiates the process of oil 
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production.  The lyso-phosphatidylcholine acyltransferase (LPCAT) transfers the oleoyl-
moiety from oleoyl-CoA into the sn-2 position of phosphatidylcholine to make the substrate 
for the oleoyl-12- hydroxylase, which hydroxylates the sn-2 oleate to form sn-2 ricinoleoyl-
phosphatidylcholine.  Phospholipase A2 preferentially removes ricinoleate from the sn-2 
 
 
Figure 2.  Pathway for castor-oil biosynthesis (adapted from McKeon and Lin, 2002). 
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position of phosphatidylcholine and releases lyso-phosphatidylcholine, which is then 
recycled into the hydroxylase substrate by LPCAT.  The ricinoleate is converted into 
ricinoleoyl-CoA, which then is used as the acyl donor to incorporate preferentially ricinoleate 
into phosphoglycerolipids to produce ricinoleoyl-containing diacylglycerols.  The 
diricinoleoyl diacylglycerols then are preferentially acylated by the diacylglycerol 
acyltransferase to form diricinoleins and triricinolein, which make up castor oil.  The 
phospholipid-diacylglycerol acyltransferase incorporates the sn-2 ricinoleate directly from 
the ricinoleoyl-phosphatidylcholine product of the hydroxylase reaction into the 
triacylglycerol end product.  
McKeon et al. (1997) compared the activity of oleoyl hydroxylase to desaturase.  
They concluded that the hydroxylase activity reached and maintained a high level to nearly 
full maturity of the bean, whereas desaturase activity is low and diminishes well before 
maturity.  This difference is an underlying reason for the high concentration of ricinoleate 
produced in the castor bean.  
Ionophores  
Types of Ionophores.  Antimicrobial agents are used not only for the control and 
treatment of infectious diseases but also for the enhancement of body growth and 
improvement of feed efficiency (FE) of animals.  The name of the ionophore antibiotics 
came from their ion-bearing property.  They are members of a large and growing group of 
compounds possessing the ability to form lipid-soluble complexes with cations and thus 
mediate their transport across lipid barriers (Pressman, 1976).  There are two major 
subclasses of ionophores -- the neutral ionophores and carboxylic ionophores.  All of the 
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ionophores currently approved for the control of coccidiosis and promotion of growth and FE 
in animals are the carboxylic ionophores, which possess a carboxyl group.  Monensin has 
been used most extensively, but others, including lasalocid, tetronasin, salinomycin, 
lysocellin, narasin, nigericin, laidlomycin and valynomycin, have been investigated and used 
commercially (Russell and Strobel, 1989).  Monensin is a monovalent carboxylic ionophore 
polyether antibiotic produced by Streptomyces cinnamonensis that was previously referred to 
as monensic acid.  First introduced as Coban® in the U. S. for the control of coccidiosis in 
chickens in 1971 and later in December 1975, Coban® was marketed as Rumensin® (Elanco 
Animal Health, Greenfield, IN) to promote growth and/or increase FE in cattle.  Labeled 
claims include improved FE, prevention and control of coccidiosis due to Eimeria bovis, E. 
zuernii, E. crandallis, E. christenseni and E. ninakohlyakimovae, increased milk production 
efficiency and increased rate of weight gain, which are all dependent on the species and class 
of livestock fed.  The use of monensin to improve efficiency of milk production in dairy 
cattle has been recently approved in the U. S. (FDA, 2004).  Monensin is the most widely 
used ionophore in the U. S. with annual sales of more than $100 million and a potential 
benefit to the cattle industry of $1 billion per year.  Ionophores not only improve body 
growth and FE, but also have other benefits.  These benefits are: reduction of coccidial 
oocyst discharge in ruminants, prevention of acute bovine pulmonary edema and 
emphysema, decrease incidence of bloat, prevention of ruminal lactic acidosis and 
amelioration of ketosis in lactating dairy cows (Duffield et al., 2008; Nagaraja and 
Lechtenberg, 2007a).  On the basis of “Precautionary Principle”, in 1999 the European Union 
banned the use of the antibiotics, such as avoparcin, bacitracin, spiramycin, tylosin and 
virginiamycin, for growth promotion purpose.  However, scientific data indicate that meat 
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and milk produced from animals treated with monensin is safe for human consumption 
(Donoho, 1984; Wilkinson et al., 1997). 
Mechanism of Ionophores.  Most carboxylic ionophores are known to form cationic 
(Na+, K+, Ca2+) complexes that enhance their transport across bimolecular lipid membranes.  
Monensin is a proton antiporter that can exchange H+ for either Na+ or K+ (Pressman, 1976; 
Russell and Strobel, 1989).  Once inserted in the membrane, monensin exchanges 
intracellular K+ for extracellular protons, or extracellular Na+ for intracellular protons.  
Because the potassium gradient is greater than the sodium gradient, protons accumulate 
inside the bacterium (Chow et al., 1994).  The bacterium reacts to this cytoplasmic 
acidification by activating a reversible ATPase to pump these protons out of the cell.  
Additionally, other ATP-utilizing primary pumps for Na+ removal and K+ uptake are 
activated to reestablish ion gradients. These ion gradients will result in the uncoupling of 
ATP hydrolysis from growth, thereby decreasing intracellular ATP pools.  This will lead to 
cellular death (Russell and Strobel, 1989).  Monensin also will shorten the duration of the 
action potential and suppress the pacemaker potential in cardiac tissue.  These membrane 
current effects are related to transmembrane alterations in the gradients of Na+ and K+ ions 
and to increased intracellular Ca2+ following the increase in cytosolic Na+ concentration 
(Russell and Strobel, 1989).  Monensin treatment has been shown to increase Na+K+-ATPase 
and Ca2+-ATPase and nitric oxide synthase activities in the heart of chickens.  Nitric oxide, 
the product of nitric oxide synthases, is recognized as a regulator of calcium homeostasis.  
Ionophores are generally bacteriostatic and not bacteriocidal.  The mechanism of 
bacteriostatic activity of ionophores is related to their ability to alter the flow of cations 
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across the cell membrane.  Berger and Bates (1984) suggested the ionophore will cause entry 
of protons into ruminal bacteria in exchange for sodium.  Furthermore, Russell (1987) 
demonstrated the direction of sodium movement was opposite of Berger and Bates (1984) 
suggestions.  In his work, he treated S. bovis, a Gram-positive ruminal bacterium, with 7.5 
mM monensin, resulting in a decrease in intracellular potassium concentration and influx of 
protons and thus a lower intracellular pH.  Once intracellular pH was acidic, monensin 
catalyzed an efflux of protons in exchange for Na+.  Russell (1987) mentioned the growth 
inhibition of S. bovis treated with monensin was not due to a decrease in intracellular 
transmembrane ∆pH.  However, the growth inhibition could have been the result of depletion 
of ATP pools due to increased ATPase activity to expel and excess H+ from the cell.  This 
postulated mechanism of inhibition is supported by the evidence that antimicrobial activity of 
ionophores may be reversed in the presence of high K+ concentration.  
Monensin and Ruminant Fermentation.  The rumen is an anaerobic ecosystem and 
ruminal microorganisms ferment carbohydrates and proteins to obtain energy and nutrients 
required for their growth.  Some of the end products of ruminal fermentation, like volatile 
fatty acids (VFA) and microbial protein, are major sources of nutrients for the ruminant 
animals.  In contrast, other fermentation end products, like heat, methane and ammonia, can 
represent a loss of feed energy and protein from the cattle into the environment (Owens and 
Goetsch, 1988).  Ruminal Gram-positive bacteria are involved in fermentation processes that 
produce, among other end products, acetate, butyrate, formate, lactate, hydrogen and 
ammonia (Russell and Strobel, 1989).  Most of these fermentation processes are coupled with 
the production of methane, which is a reductive step required for disposing of reducing 
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equivalents largely produced by this group of bacteria.  On the other hand, ruminal Gram-
negative bacteria are engaged in fermentation pathways associated with the production of 
propionate and succinate.  When this group of bacteria predominates in the rumen, less 
methane is produced mainly because of the reduced availability of hydrogen and formate 
(Bergen and Bates, 1984).   
The majority of the research done on the changes in ruminal fermentation that are 
associated with ionophore feeding have been conducted with monensin or lasalocid.  Bergen 
and Bates (1984) performed a review summarizing the observed effects of ionophores on the 
ruminal fermentation and the host animals.  They determined three major areas of animal 
metabolism: (1) increased production of propionate and decreased production of methane, 
resulting in increased efficiency of energy metabolism of the rumen and/or animal, (2) 
decreased protein degradation and deamination of amino acids, resulting in the improvement 
of nitrogen metabolism in the rumen and/or animal, (3) decreased lactic acid production and 
froth formation in the rumen, leading to reduction of ruminal disorders.  The main 
fermentation alterations are the increased molar proportion of propionic acid and decreased 
molar proportions of acetate and butyrate in the VFA produced in the rumen (Raun et al., 
1976).  The relative enhancement is lower in cattle consuming high concentrate diets for they 
have larger amounts of propionic acid in the rumen than cattle consuming low concentrate 
diets.  Bacteria that produce lactic, acetic, butyric and formic acids and hydrogen as main end 
products are susceptible to ionophores whereas succinic- and propionic acid-producing 
bacteria are resistant (Chen and Wolin, 1979).    
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Rogers et al. (1997) conducted a study on eight Texel adult sheep to determine if the 
rumen microbes can adapt to monensin.  They found a decrease in acetate to propionate ratio 
from 2.38 to 1.71 when monensin was added to the diet.  Another study by Van Nevel and 
Demeyer (1995) indicated that monensin clearly decreased methane production both in vitro 
by 32.1 ± 2.8 % and in vivo by 20.6 ± 2.8 %.  The concept that propionate is utilized more 
efficiently than acetate by the host tissue is subject to dispute.  However, flexibility in the use 
of propionate by the host tissue offers a distinct advantage over acetate.  In addition, 
propionate production in the rumen results in improved fermentation efficiency because of 
greater recovery of metabolic hydrogen.  The increase in rumen propionate is accompanied 
by a reduction, ranging from 4 to 31 %, in the amount of methane produced in the rumen 
(Schelling, 1984).  Because ionophore antibiotics are not inhibitory to methanogenic bacteria 
(Chen and Wolin, 1979), the lower methane production is due to a decreased rate of 
production of its precursors, an idea that is supported by the observation that, when substrates 
are provided, ionophores have no effect on methane production (Russell and Martin, 1984; 
Van Nevel and Demeyer, 1995).   
The earliest evidence that nitrogen metabolism is affected by feeding ionophores 
came from the report of Dinius et al. (1976).  They found a decreased ruminal ammonia 
concentration in cattle fed forage-based diets supplemented with monensin.  In vitro studies 
have also demonstrated a reduction in protein degradation, ammonia accumulation and 
microbial protein both in pure culture (Chen and Russell, 1989; Russell et al., 1988) and 
mixed culture (Russell and Martin, 1984).  Further examination suggested that ionophores 
had a greater inhibition on deamination rather than proteolysis of ruminal protein because of 
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the accumulation of α-amino-nitrogen and peptides.  Wallace et al. (1980) reported the 
postprandial peak concentration of free peptides in the rumen was more than two-fold greater 
in monensin-fed sheep than in control sheep and persisted longer, thus increasing peptide 
flow from the rumen into the abomasum.  Yang and Russell (1993) reported that monensin 
increased amino acid nitrogen passage from the rumen and the quantity passing from the 
rumen was dependent on the protein source.  Deamination of amino acids in the rumen is a 
nutritionally wasteful process, because the rate of ammonia production exceeds the rate of 
utilization.  According to Bladen et al. (1961) the most active ammonia-producing ruminal 
bacteria are thought to be carbohydrate fermenting species, principally Prevotella ruminicola 
and Megasphaera elsdenii.  However, these Gram-negative bacteria are not susceptible to 
ionophores.  Thus, the effect of monensin in decreasing ammonia production is somewhat 
contradictory with current knowledge.  Later on, using an enrichment procedure, Russell and 
his colleagues (Russell et al., 1988) identified three species of Gram-positive bacteria that 
were sensitive to monensin.  These species of bacteria had 18 to 39 times higher ammonia -
producing ability than previously known species in the rumen.  These bacteria were 
identified as Peptostreptococcus anaerobius, Clostridium sticklandii and Clostridium 
aminophilum (Paster et al., 1993).  They appear to exist in significant numbers in the rumen, 
107 – 108 per ml of rumen fluid, representing 4 % of the total bacteria population.  Other 
studies have shown a 10-fold decrease in ruminal bacteria that utilize amino acids and 
peptides as their primary source of nitrogen for growth when monensin was given to Holstein 
cows (Yang and Russell, 1993).  These findings suggest that a greater proportion of dietary 
true protein may escape the rumen when monensin is added to the diet.  Similarly, Dinius et 
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al. (1976) observed when steers received monensin there was a decrease in loss of nitrogen in 
feces and urine and thus there was a tendency for nitrogen retention.    
A study done by Muntifering et al. (1980), on yearling steers fed monensin at 
different levels (0 and 33 ppm), showed an increase in the amount of nitrogen that was 
retained from 18.6 to 23.6 g·d−1, which represented an increase of 18.1 % as a percentage of 
the nitrogen intake (20.4 vs. 24.1 %; respectively) and 12.2 % as a percentage of the 
absorbed nitrogen (36.2 vs. 40.6 %; respectively).  The increase in crude protein digestibility 
was 4.4 %.  Because the digestibility of dietary protein is usually greater than bacterial 
protein, the increase in retained nitrogen may be explained by the greater amount of dietary 
protein escaping the rumen compared with bacterial protein.  A study conducted in Europe 
by Haimoud et al. (1995), concluded that the addition of 330 mg·d−1 of either monensin or 
avoparcin to a diet that contained 650 g·kg−1 of forage and 350 g·kg−1 of concentrate (DM 
basis) significantly increased the passage of nitrogen of feed origin to the small intestine (23 
and 38 %, respectively).  Because the flow of microbial nitrogen to the small intestine 
remained unaffected, feeding these ionophores increased the flow of total nitrogen (6 and 10 
%, respectively) and total amino acids (AA; 8 and 17 %, respectively) to the absorption sites 
in the lower gastrointestinal tract.  However, some research done by Hoeller et al. (1985) 
provided ionophores at recommended doses (33 mg·kg−1 of DM) to dairy cows fed high-
forage diets (620 g of corn silage plus 370 g of concentrate·kg−1 of DM) decreased the 
passage of microbial nitrogen to the duodenum by 23 %.  Similar results were observed in 
beef steers by Poos et al. (1979).  They concluded that feeding beef steers with high-grain 
diets (452 g of corn cobs plus 548 g of concentrate·kg−1 of DM) also decreased the passage of 
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microbial nitrogen to the duodenum by 33 %.  The ionophore - induced reduction in the 
microbial protein outflow from the rumen will require a proportional increase in the amount 
of high quality feed protein that escapes ruminal degradation to avoid harmful impacts on 
animal performance.  
Some work has been conducted on rumen protozoa.  For instance, Rogers et al. 
(1997) found that monensin decreased total protozoa number by 50 – 70 %, specifically, 
Entodinium spp. which makes up the largest proportion of the population in the rumen.  They 
also observed the flow of bacterial N to the duodenum increased.  These findings suggest 
that, despite the reduction in microbial protein as shown in in vitro trials, a lower predation of 
bacteria by protozoa would increase the bacteria yield and improve fermentation in the 
rumen in vivo.   
Generally, ionophores provide a valuable approach to manipulate ruminal 
fermentation so as to increase the amount of feed energy and nitrogen in forms usable by the 
ruminants.  
Performance Parameters.  The most consistent effect of ionophores is the 
improvement of FE; however, feed intake is either decreased somewhat or not affected and 
the same occurs with weight gain, which is not affected or increased.  Potter et al. (1985) 
summarized 14 trials with nearly 16,000 head of cattle on monensin performance response in 
feedlot cattle.  The trials were conducted in the major cattle feeding areas, diets were 
representative of the area, days of feed ranged from 84 to 223 and initial weights ranged from 
253 to 465 kg.  Cattle were fed monensin at a concentration of 33 mg·kg−1 of DMI in 
receiving diets that ranged from 60 to 87 % concentrate.  They concluded that the ADG was 
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not affected by monensin treatment (1.34 vs. 1.33 kg). Feed intake was reduced in monensin- 
treated cattle 7.7 % (7.72 vs. 9.45 kg), which resulted in an 8.6 % improvement in F:G 
compared with that of controls (6.61 vs. 7.25).  Monensin did not affect liver abscess 
incidence compared to controls (28.7 vs. 27.2 %, respectively) and the effects of monensin 
on carcass characteristics were not reported.   
Raun (1990) summarized 37 experiments with beef cattle fed high-concentrate diets 
(average of 84.3 % concentrate) conducted from 1981 to 1990 in which the average 
concentration of monensin was 28 mg·kg−1 of DMI.  In summary, monensin increased ADG 
by 1.6 to 1.8 %, decreased DMI by 4.0 to 6.4 % and improved feed conversion by 5.6 to 7.5 
% in growing cattle fed in feedlots.  From this study, they concluded that FE improves when 
monensin is added to the diet because of a more efficient ruminal fermentation, resulting 
from an increased proportion of propionate to acetate in the rumen and an inhibition of 
degradation of dietary protein in the rumen. 
Furthermore, Goodrich et al. (1984) reviewed 228 published studies involving over 
11,000 head of cattle in which monensin effects on performance were tested.  They reported 
that FE improved with increasing monensin concentration up to approximately 33 mg·kg−1 
DMI, at which it was 8.7 % better than controls.  Also, they found the greatest improvement 
in FE was achieved at a dietary metabolizable energy (ME) concentration of 2.9 Mcal·kg−1 
DM (1.37 Mcal of NEg·kg−1 DM).  When diets with either higher or lower ME 
concentrations were fed, response to monensin was reduced.  In addition, the monensin 
increased ADG by 1.6 %, decreased DMI by 6.4 % and improved FE by 7.5 %.  It was also 
noted that a maximal reduction in DMI occurred when monensin was fed at 35.5 mg·kg−1 
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DMI.  They concluded “these data may also indicate a protein sparing effect of monensin,” 
but the nature of this effect was not described.  Carcass characteristics were reported from 
112 trials used to describe the effects of monensin on various carcass characteristics.  
However, the carcass characteristics were not significantly influenced by monensin.  The 
greatest differences were in quality grade that was reduced by 0.69 %, following by marbling 
score by 0.39 % and dressing percentage by 0.38 % and an increase in ribeye area of 0.61 % 
(76.9 vs. 77.3 cm2) when monensin was fed.  
The magnitude of response in improved FE of feedlot cattle to monensin 
supplementation has been variable, ranging from zero (Zinn and Borques, 1993) to greater 
than 18 % (Bartley et al., 1979).  This wide range of cattle FE responses to monensin 
supplementation can be explained by several dietary factors.  These include forage to 
concentrate ratio, protein content and degradability and forage quality (Lana et al., 1997). 
Recently, Depenbush et al. (2008) conducted research on yearling heifers to find the 
effects of monensin and tylosin in finishing diets based on steam flaked corn with and 
without corn wet distillers grain solubles (WDGS, 25 % of DM basis).  They reported that 
monensin or monensin with tylosin did not affect animal performance, FE and carcass 
characteristics such as carcass quality and liver abscesses when feeding steam flaked corn 
diets with 25 % WDGS.   
Hormonal Implants  
Hormonal Implant Strategies.  Growth promotant hormonal implants have been used 
in beef production since the 1950s.  The purpose of growth promotants has been to enhance 
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production efficiency, reduce the cost of production and improve the ratio of outputs to 
inputs or simply to improve profitability.  Many types of hormonal implants are in use and 
with a variety of active ingredients and dosages.  In feedlot cattle, currently available 
hormonal implants have been reported to improve ADG by 15 to 25 %, FE by 10 to 15 % and 
carcass leanness by 5 to 8 % (Duckett and Andrae, 2001; Mader et al., 1994).  Over the past 
three decades, new anabolic compounds have been developed and strategies for implanting 
feedlot cattle have been advanced.  Approved anabolic implants are characterized as being 
either estrogenic, androgenic or both estrogenic and androgenic in effect (Roeber et al., 
2000).  The use of anabolic implants varies with type of operation: from the use of approved 
low-dose combination implants in young suckling calves to the use of various multiple 
implant strategies in feedlot cattle.  In finishing programs, implant considerations become 
even more important.  Feedlot operators can use various implant strategies based on weight 
of cattle at receiving and length of time cattle are expected to be in the feedlot.  Most 
common strategies for feedlot operations are to start with a lower potency implant followed 
by high potency combination implant at approximately 100 days from harvest.   
Compounds.  Currently, there are at least 40 subcutaneous anabolic implants 
approved for use in one or more countries in North America.  The estrogens are the major 
class of compounds used in growth promoting implants. The estrogenic hormones currently 
marketed for feedlot cattle are estradiol (E2), E2 benzoate and nonestrogenic zeranol.  Zeranol 
is a nonsteriodal macrolide, a compound in a class of natural products known as β-resorcylic 
acid lactones isolated originally from corn infected with the fungus Fusarium 
(Katzenellenbogen et al., 1979).  The androgenic compounds used in feedlot implants are 
25 
 
synthetic anabolic steroid trenbolone acetate (TBA) and testosterone.  The TBA has been 
shown to increase growth and nitrogen balance in feedlot cattle.  In combination with an 
estrogen, gain, efficiency and leanness are increased by TBA over an estrogen alone in steers 
(Duckett et al., 1999; Grandadam et al., 1975).  Time of implanting varies with type of 
operation.  Feedlot operators can use various implant strategies based on weight of cattle at 
receiving and length of time cattle are expected to be in the feedlot.   
There are many proposed mechanisms of growth promoting implants.  However, 
there is no definitive mechanism that explains all the observations.  Heitzman et al. (1981) 
conducted a study on beef steers supplemented with TBA and estradiol 17β, alone or in 
combination.  They concluded the estradiol hormone is lipophilic and passes easily through 
cell membranes by facilitated diffusion.  The E2 binds to estrogen receptors in the cell 
cytosol, the hormone-receptor complex migrates into the nucleus, binds to DNA and either 
activates or inactivates specific genes.  Furthermore, the estrogenic implants increase the 
circulating concentration of hepatic somatotropin and IGF-I.  The IGF-I is a mitogenic 
peptide that stimulates cell proliferation and differentiation in muscle and other tissues 
depending on somatotropin concentration.  Androgenic compounds stimulate cell membrane 
androgen receptors that increase cellular production of protein while simultaneously reducing 
adrenocorticotropic hormone (ACTH) production.  The ACTH increases catabolism of 
protein; thus, lowering ACTH reduces the rate of protein catabolism (Johnson et al., 1996; 
Reinhardt, 2007).  Several researchers have offered explanations for the anabolic 
mechanisms.  Some have concluded that these compounds caused an increased synthesis and 
secretion or release of endogenous growth hormone (GH), based on increased anterior 
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pituitary size, increased proportion of acidophilic cells in the anterior pituitary and increased 
circulating concentrations of GH and insulin (Trenkle, 1997).  In addition, it has been 
suggested that estrogenic compounds may act on growth via a direct interaction with specific 
receptors expressed in bovine cells (Sauerwein and Meyer, 1989).     
Performance Parameters.  It is well-documented and widely accepted that hormonal 
implants in feedlot cattle improve feedlot feeding efficiency and performance (NRC, 2000).  
Generally speaking, implants increase feed intake and daily gain and improve FE, when 
compared with nonimplanted controls.  The degree of response is determined primarily by 
the type of hormones and dosage delivered and by the period of time during which the 
response is measured.   
Duckett et al. (1997) conducted meta-analysis on 33 independent implant studies that 
compared the performance of nonimplanted cattle with those given a combination androgenic 
and estrogenic implant.  They concluded that the combination implants increased ADG by 21 
%, improved FE by 11 % and increased carcass weight by 7 %.  Most feedlot implant studies 
have been conducted by using a time-constant termination point for all treatments.  Based on 
this restriction, they reported a 5% increase in ribeye size, a 7 % reduction in backfat cover, a 
5 % reduction in marbling score and a 17 % reduction in percentage of carcasses grading 
Choice or above.  Reiling and Johnson (2003) found implanting steer calves with TBA-based 
implants, administered alone or in combination with zeranol implants, implanted on day 1 
and reimplanted on day 56 resulted in increased ADG.  Cattle implanted with zeranol or TBA 
combination implants gained up to 20 % faster than nonimplanted cattle, resulting in a 29 kg 
increase in carcass weight.   
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Bruns et al. (2005) found implanting with TBA plus estradiol administered on day 0 
increased BW by 3 % and increased ADG 11 % to day 56.  At day 57 to day 112, implanted 
steers had 2 % greater BW gain than nonimplanted cattle.  The finding was lower than 
observed in research done by Preston and Rains (1993) and Pritchard (2000).  They found 20 
% increases in ADG and this was supported by Johnson et al. (1996), who observed an 18 % 
increase in ADG over 140 days.  They concluded that the implanted steers maintained greater 
gains throughout the experiment than controls.  Some researchers have found that implanted 
steers had increased ADG up to 56 days, however from 57 to 112 days, cumulative ADG did 
not differ from controls groups (Bruns et al., 2005). 
Smith et al. (2007) implanted steers with Synovex-Plus at day 0 and 73.  They found 
that the steers BW increased over time on feed but did not differ between treated and 
nontreated controls during the first 73 days on feed.  However, after reimplantation on day 
73, BW was greater on day 105 and 133 for implanted steers than nonimplanted steers.  
Although ADG did not differ between treatments during the first 73 day of feeding, a 40 % 
increase in the rate of growth during the feeding period immediately following reimplantation 
resulted in a 16 % advantage in ADG for implanted steers during the entire feeding period.   
Johnson et al. (1996) reported that combination implants improved feedlot 
performance and stimulated carcass protein accretion in steers with the most rapid carcass 
protein gains observed during the first 40 days after administration.  Duckett and Andrae 
(2001) reported a 19 to 20 % increase in ADG for feedlot cattle implanted once or twice with 
implants containing both estrogenic and androgenic hormones.  Goetsch et al. (1991) found 
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in a study done on growing beef cattle grazing bermudagrass that the ADG was improved by 
11 % with zeranol implant and was 10 %  greater for steers than heifers.  
Impact on Beef Carcass and Quality Traits.  Hormonal implants increase carcass 
weights by improving dressing percentage (DP), as well as by increasing body weight at final 
harvest.  Eversole et al. (1989) found no difference in DP for steers receiving one 
estradiol/TBA implant but reported an increase in DP for steers that were reimplanted with 
estradiol/TBA.  However, Pritchard (2000) reported increases in hot carcass weight (HCW) 
with no difference in DP.  The combination implants used in steers (Eversole et al., 1989; 
Pritchard, 2000; Smith et al., 2007) and yearling heifers (Mader et al., 1994; Smith et al., 
2007) produced the greatest increase in carcass weight and loin muscle area (LMA) on day 
150.  However, Johnson et al. (1996), Bruns (2005) found no difference in loin muscle area 
on day 40 after implanting with estradiol / TBA.  
Foutz et al. (1997), Milton et al. (2000) and Bruns et al. (2005) reported no difference 
in percentage of KPH in steers administered an estrogenic implant alone and in various 
combinations with TBA implants compared with nonimplanted steers.  However, other 
studies have shown that implants decrease the percentage of KPH, which could result in 
improved final yield grade (YG; Duckett et al., 1999; Johnson et al., 1996; Platter et al., 
2003).  
Yield grade is influenced by carcass fatness and LMA in relation to carcass weight.  
Studies done by Johnson et al. (1996) and Bruns et al. (2005) found that the YG did not differ 
among treatments at 40, 56, 115 and 143 days after implanting with a combination of 
estradiol and TBA implants.  However, they found delayed implanted steers, which were 
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implanted with a combination of estradiol and TBA implants at day 57 of the feeding period, 
had poorer YG than did nonimplanted steers.  This finding was dissimilar to the findings of 
Eversole et al. (1989), who reported no difference in YG between implanted (TBA and 
estradiol implants) and nonimplanted steers. 
Roeber et al. (2000) reported that carcasses from steers and heifers implanted with a 
combination of estrogen benzoate and TBA resulted in higher HCW and larger LMA than 
did carcasses from nonimplanted steers and heifers.  In addition, they found that combination 
implants caused more advanced skeletal maturity, although they did not affect lean maturity 
scores of carcasses compare to nonimplanted steers.  Cattle implanted twice during the 
finishing period with a zeranol implant or a TBA combination implant graded 18 % USDA 
Choice, whereas 50 % of control steers graded USDA Choice (Reiling and Johnson, 2003).  
Morgan (1997) stated that TBA containing implants produced approximately 25 % fewer 
carcasses grading Choice or higher, whereas Kerth et al. (1996) reported that a combined 
estradiol/TBA implant decreased marbling scores one full marbling score compared with 
nonimplanted controls.  Platter et al. (2003) concluded that implanting steers at branding, 
weaning or backgrounding prior to the finishing phase compared to not implanting at these 
production stages did not influence  marbling scores; however, steers receiving two implants 
had greater marbling scores than steers receiving four or five implants.   
Cattle receiving either an estradiol benzoate / TBA combination implant or an 
estradiol and progesterone series of implants had lower quality grades (QG) by 
approximately one-half of a grade when compared with nonimplanted controls (Duckett et 
al., 1999).  Implanted cattle may also exhibit advanced physiological or skeletal maturity 
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versus nonimplanted cattle, which could negatively impact final QG (Reiling and Johnson, 
2003).  
Morgan (1997) reported that marbling scores of cattle declined with increasing 
aggressiveness, number and type of implants used.  Conservative implant treatments 
involving an androgenic or low potency estrogenic implant reduced marbling approximately 
one tenth of a score compared with nonimplanted cattle.  More aggressive implant treatments 
involving one or more high potency estrogen/androgen combination implants reduced 
marbling by two tenths of a score or more.  Associated reductions in percentage of cattle 
graded as USDA quality grade Choice were on the order of 2 to 7 % and 25 to 30 % for 
conservative and aggressive treatments, respectively.   
Distiller’s Grains Supplementation 
Fuel ethanol production has been around for more than 100 years.  Traditionally, 
ethanol was produced mainly for the beverage liquor industry, but it also has been used as an 
alternative fuel since the early 1900s (DiPardo, 2000). Today, ethanol production has 
increased because of many factors such as dependence on foreign oil; 62 % of oil consumed 
today in this country is imported.  Currently in the U.S., most ethanol plants are located in 
the Midwest region and the Renewable Fuels Association lists 134 ethanol plants in current 
production, 77 under construction and production capacity of 7,229.4 million gallons per 
year.  By the year 2015, ethanol produced from corn starch will reach a peak of 57 billion 
liters·year-1 (bly) with the remaining ethanol production coming from advanced biofuels and 
cellulosic biofuels.  By the year 2022, volumes of renewable fuels will be met by 57 bly of 
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renewable, 79.8 bly of advanced, 60.8 bly of cellulosic and 19 bly of undifferentiated 
advanced biofuels.   
Two primary types of milling processes currently exist  (Bothast and Schlicher, 
2005).  Ethanol production by the dry milling process represents the majority of domestic 
production, with this segment experiencing the most rapid growth. The main coproducts of 
the dry milling process, 67 % of total ethanol production, produces distillers grains plus 
solubles (DGS).  The wet milling process, which is used for 33 % of total ethanol production, 
produces corn gluten feed.  Ethanol production via wet milling is more expensive because 
more equipment and processing stages are required compared with the dry milling process.  
The wet milling process also requires more capital, is more energy intensive and requires 
higher quality corn.  In the U. S., only # 1 or # 2 grade corn is used for the production of 
ethanol from the wet milling process.   
The wet milling process first allows corn or blends of grains to steep (Bothast and 
Schlicher, 2005).  Lactic acid-producing bacteria in the steeping process, diluted by sulfurous 
dioxide solution for 40 to 48 hours, ferment the soluble carbohydrates collected by the water 
to further kernel softening.  After the corn is steeped, the grain is separated into corn bran, 
starch, fiber, corn gluten meal, germ and soluble components.  The germ is removed from the 
kernel and corn oil is extracted from the germ.  After the oil is extracted, the remaining feed 
coproduct is called corn germ meal.  The remaining germ meal is added to fiber and the hull 
to form corn gluten feed.  Gluten is also separated to become corn gluten meal.  In the wet 
milling process, a starch solution is separated from the solids and fermentable sugars are 
produced from the starch.  These sugars are fermented to ethanol.  Wet mill facilities are true 
32 
 
“biorefineries”, producing a number of high-value products.  Corn gluten feed is usually sold 
wet or dry and it may contain various quantities of bran, steep liquor, distillers soluble, germ 
meal and cracked corn screenings, as well as minor quantities of end-products from other 
microbial fermentations.  Approximately 9.5 l of ethanol can be produced from 25.4 kg (one 
bushel) of corn via the wet milling process.   
The dry milling process is relatively simple compared with the wet milling process 
(Bothast and Schlicher, 2005).  There are five basic steps in the conventional dry milling 
ethanol process: grinding, cooking, liquefaction, saccharification and fermentation.  Corn is 
first ground by using a hammer mill, passed through a 30 mFH screen and then mixed with 
water to form a mash.  Following this, the mash is heated above 100C by using a jet cooker.  
The corn mash is kept at the elevated temperature for several minutes and later it flows from 
the holding tube into a flash tank and the temperature is allowed to fall to 80–90C.  During 
this stage, alpha-amylase is added and the mash is liquefied for at least 30 min.  Liquefaction 
greatly reduces the size of the starch polymer.  The dextrinized mash is then cooled, adjusted 
to pH 4.5 and glucoamylase is added.  Glucoamylase converts liquefied starch into glucose.  
After cooking, the mash is cooled to 32°C and transferred to fermenters where yeast is added.  
The fermentation requires 48 – 72 h and has a final ethanol concentration of 10–12 %.  The 
anhydrous ethanol is then blended with approximately 5 % denaturant (gasoline) to render it 
undrinkable and thus not subject to beverage alcohol tax.  Dry milling distillation produces a 
coproduct known as distiller’s grains (DG).  The DG can be sold as a wet product, wet 
distiller’s grains (WDG).  Wet distillers grains plus solubles can be dried to produce a 
modified distillers grain (MDG; 45 – 55 % DM) or dried further for a dry distiller’s grains 
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(DDG; ~ 90 % DM).  This process will yield approximately 10.2 l of ethanol, 8.2 kg of DG 
and 8.2 kg of CO2 from 25.4 kg (one bushel) of corn.   
The WDG and DDG provide a high protein, high fiber feed source without the highly 
fermentable starches, making it a near ideal feed for feedlot cattle.  When comparing WDG 
to DDG it is important to note that drying can affect protein availability.  Ham et al. (1994) 
conducted a study on feeding values of dried distiller’s grain with solubles (DDGS) to wet 
distillers grains with thin stillage (WDB) in feedlot cattle.  The WDB and DDGS were fed at 
40 % of the diet DM, replacing corn.  They concluded that the cattle fed WDB and DDGS 
composites gained faster and were 19 and 10 % more efficient, respectively, than the control, 
corn-fed, group.  Even though gains were similar, cattle fed WDB consumed less feed and 
were more efficient than cattle fed DDGS.  Amount of ADF insoluble nitrogen in DDGS did 
not affect efficiency of gain.  The wet distiller’s coproducts and the DDGS composites 
contained 39 and 21 %, respectively, more NE for gain than corn.  Furthermore, WDB 
provided 47 % and DDGS provided 24 % greater feeding value than corn.   
Larson et al. (1993) conducted a series of experiments designed to evaluate wet 
distillers grains plus solubles (WDGS) fed as a protein source or as an energy source for 
yearling and steer calves.  Treatments consisted of a control group fed corn and three levels 
(5.2, 12.6 and 40.0 %, DM) of WDGS.  Supplemental protein for the control diet was a 50:50 
combination of soybean meal and urea.  The 5.2 % level of WDGS replaced the same amount 
of CP as supplied by soybean meal in the control diet.  The 12.6 % level of WDGS replaced 
the same amount of CP as supplied by soybean meal and urea in the control diet and the 40 
% level of WDGS was designed to use WDGS supplied protein and replaced corn in the diet 
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as an energy source.  At the latter level, FE of the diet was increased 14 % compared with the 
control group.  They observed that the yearlings were 5, 10 and 20 % more efficient, whereas 
calves were 2, 6 and 14 % more efficient when fed the three levels of WDGS, respectively.  
The WDGS fed at the 40 % level contributed 47 % for yearlings and 29 % for calves more 
NE for gain than corn.   
Conflicting results were found by Lodge et al. (1997a) on evaluating the NE value of 
wet sorghum distillers’ grains.  The treatments included dry rolled corn as the control diet, 
sorghum WDG, sorghum WDGS, sorghum DDG or sorghum DDGS, replacing corn and 40 
% of the DM in finishing diets.  The DG were produced at a commercial ethanol plant using 
a blend of approximately 80 % grain sorghum and 20 % corn.  From this study, they 
concluded that DMI and ADG were not different among treatments.  The cattle fed diets 
containing corn, sorghum WDG or sorghum WDGS were similar in efficiency of gain, but 
cattle fed sorghum DDGS were less efficient than those of the other four treatments.  
Furthermore, treatments consuming sorghum WDG, sorghum WDGS and sorghum DDGS 
contained 96, 102 and 80 % as much NE for gain as corn, respectively.  Additionally, the 
authors completed a metabolism trial comparing corn WDG to sorghum WDG, sorghum 
DDGS and corn DDGS; coproducts replaced all grain in the diets.  From this analysis they 
found the apparent organic matter (OM) digestibility, apparent nitrogen and true nitrogen 
were greater for corn WDG vs sorghum WDG.  Apparent OM digestibility, apparent nitrogen 
and true nitrogen were greater for sorghum DDG than corn DDG. 
Lodge et al. (1997b) evaluated DDG, wet corn gluten feed (corn bran and steep 
liquor) and a composite feedstuff similar to WDG with a basal grain source of corn for steer 
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and lamb finishing diets.  The feeding value of the composite feedstuff when fed at 40 % of 
diet DM was 124 % of the corn it replaced.  They found that ADG, G:F and DMI were 
similar for lambs not fed coproduct when compared to DDG and the composite feedstuff 
treatment groups.  In the cattle trial, composite feedstuff fed cattle consumed less feed daily, 
with similar ADG and improved FE compared to other treatments.  These relative energy 
values are much lower than those found in a study done by Larson et al. (1993) and Ham et 
al. (1994).  These conflicting results are mainly due to the differences in the grain hybrids 
fermented, greater variation in grain sorghum DG, the differing dry milling procedures and 
the animal variation among the studies.  In a study conducted by Al-Suwaiegh et al. (2002), 
feeding sorghum WDG and corn WDG in beef cattle diets, both corn and sorghum WDG diet 
treatments improved ADG, G:F, HCW and fat thickness over the 12th rib compared to cattle 
not consuming the DG treatments.  Cattle fed sorghum WDG had higher DMI compared to 
cattle fed corn WDG.   
Firkins et al. (1985) compared WDG and DDG in a metabolism study.  Evaluations 
were made on DM disappearance and digestion as well as ruminant performance.  They 
found the DM disappearance was not different between WDG and DDG.  However, 
digestion means for N, DM and NDF were similar between WDG and DDG.  Adding WDG 
at levels of 0, 25 and 50 % to DM diets containing high moisture corn had a linear 
improvement on ADG and G:F.  Adding 17.4 % DDG as a replacement for soybean meal in 
the diet improved ADG and G:F over cattle not fed DDG in finishing cattle.   
Benton et al. (2007) reported on a feedlot study testing the response to roughage level 
and source in diets containing 30 % WDGS.  Alfalfa was used as the standard roughage and 
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was fed at 4 and 8 % of diet DM.  Corn stalks were evaluated at amounts of NDF similar to 
alfalfa.  Corn silage was included as the third roughage source theorizing that corn silage 
could be harvested and stored less expensively as silage compared with the harvest of corn 
and corn stalks separately.  The silage was also included on an equal NDF basis at 6 and 12 
% of diet DM.  An all-concentrate diet was included as a control treatment.  They found a 1 
to 1.5 kg·d-1 increase in DMI due to roughage inclusion, whereas ADG increased 0.09 to 0.22 
kg·d-1.  In addition, they concluded the WDGS did not supply roughage even though it 
supplied NDF.  However, corn stalks were as effective as alfalfa and corn silage in diets 
containing WDGS in providing roughage in terms of response in DMI, ADG and G:F.  
Similar increases in DMI and ADG are found in a study done by Shain et al. (1999) when 
evaluating roughage levels in diets without WDGS.  However, they found that wheat straw 
fed on an equal NDF basis to alfalfa in dry-rolled corn diets was not as efficiently utilized as 
alfalfa.  This suggests that moisture and protein in WDGS do, in fact, supply characteristics 
to the diet that allow utilization of low-quality roughages. 
Reed et al. (2006) evaluated the effects of advancing season and corn DDGS 
supplemented to calves in creep feeders while grazing native rangeland.  They evaluated the 
effects on intake, digestion, microbial protein synthesis, microbial efficiency, ruminal 
fermentation and performance of nursing calves.  Control treatment calves were not 
supplemented with corn DDGS, however calves provided corn DDGS were supplemented 
with 50 % DDGS in the diet.  They found the calves that were supplemented corn DDGS had 
lower acetate:propionate ratios; additionally more ruminal butyrate was produced.  
Isobutyrate and isovalerate were decreased when feeding DDGS.  Calves fed DDGS 
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consumed a lower percentage of BW than cattle not fed DDGS.  Decreases in DMI did not 
affect cattle performance, as both groups had similar ADG and feed efficiencies.  
Mateo et al. (2004) investigated the effects of feeding 20 or 40 % WDGS or DDGS in 
beef finishing diets on efficiency and carcass characteristics.  They found that steers 
receiving WDGS were better feed converters than steers receiving DDGS and also that steers 
receiving 40 % WDGS or DDGS had more favorable G:F than steers receiving 20 % WDGS 
or DDGS.  Furthermore, steers receiving DG in their diet had increased 12th rib fat when 
compared with steers fed the control diet, which subsequently increased final YG.  Marbling 
scores were increased in steers receiving 20 vs. 40 % of WDGS or DDGS.  Roeber et al. 
(2005) evaluated the effects of DDG or WDG on beef color, tenderness and sensory traits of 
Holstein steers.  Steers were fed 0, 10, 12.5, 20, 25, 40 and 50 % DM of either WDG or 
DDG, respectively.  They found the cattle fed WDG or DDG at high (40 to 50% of DM) 
inclusion rates had decreased meat shelf life and meat color stability of strip loins.  Feeding 
WDG or DDG between 10 to 25 % of DM did not affect color stability or palatability of 
steaks.  However, the Warner-Bratzler shear force, taste panel tenderness, beef flavor and 
juiciness were not different among the treatments.  The researchers concluded that the 
feeding of WDG or DDG up to 50 % of the dietary DM did not affect tenderness or sensory 
traits and it is a potential feed alternative without negatively impacting sensory attributes. 
Generally, the coproduct of ethanol production has advantages for beef cattle 
producers.  However, it has limiting factors for feeding DG to cattle.  Those limiting factors 
are generally either sulfur or fat content, though the high fat content has led energy values to 
be estimated at 100 % or more of the energy value of corn (Klopfenstein, 1996).  The fat 
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content of DG is roughly 3 times higher that of the grain from which it was derived, 4 to 12 
% of DM (Klopfenstein et al., 2008).  Zinn (1994) has suggested an upper limit of dietary 
supplemental fat intake for beef cattle is 1.62 g·kg-l of body weight.  Thus, increased fat 
concentrations above the limit mentioned above tend to reduce performance during the 
finishing phase, which may be due in part to a negative associative effect of dietary fat on 
rumen fermentation (Brooks et al., 1954).  Levels of DG in cattle diets have been evaluated 
at up to 40 or 50 % on a DM basis, although no study was conducted on the sulfur content.  
Furthermore, the potential health risk of ethanol production from corn involving mycotoxins 
in the ethanol coproducts such as DDGS is of concern. 
Rumen microbes require sulfur for their normal growth and metabolism.  A large 
portion of the sulfur found in typical feedlot diets is a component of the natural protein and 
most practical diets are adequate in sulfur (NRC, 2000).  However, the excess amount of 
sulfur as sulfate can be toxic and even lethal to cattle (Kandylis, 1984).  During high amounts 
of sulfur in the diet, the rumen microbes produce too much hydrogen sulfide.  The hydrogen 
sulfide stays in the rumen fluid, and hydrogen sulfide gas accumulates in the rumen gas cap.  
It is then absorbed into the blood stream and the high concentrations interfere with cellular 
energy production, thus increasing the possibility of severe damage to the brain.  The signs of 
toxicity include muscle twitching, abdominal pain, fast breathing, diarrhea, reduced gain, 
reduced feed intake, reduced growth rate, low water consumption and death (Kandylis, 
1984).  Loneragan et al. (2001) and Zinn et al. (1997) indicated decreased HCW with 
increasing water sulfate content and dietary sulfate concentration, respectively.  In the 
Loneragan et al. (2001) study, marbling score and QG were not affected by sulfate 
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concentration, but high dietary sulfate tended to decrease YG and to increase LM area 
linearly.  However, these differences were not affected by dietary sulfate concentration in the 
trial by Zinn et al. (1997).   
Mycotoxins 
When ingested, mycotoxins can cause a number of adverse health effects in animals 
and humans.  Exposure is usually by consumption of contaminated feeds but may also be by 
contact or inhalation.  Biological effects include liver and kidney toxicity, central nervous 
system effects and estrogenic effects.  Only some molds produce mycotoxins and they are 
referred to as toxigenic.  During the dry milling process of ethanol production, the 
fermentation and distillation processes produce mycotoxin concentrations in coproducts up to 
three times the level in corn (Murthy et al., 2005).  These coproducts, with higher mycotoxin 
concentrations than the original grain, are then marketed for inclusion as a beef cattle feed 
component.  There exist five dominant or important mycotoxins: fumonisins, aflatoxin, 
deoxynivalenol, zearalenone and ochratoxin A in corn.  Leung et al. (2006) provided 
structural properties of these mycotoxins as well as other mycotoxins that may pose risks in 
corn.  All of these mycotoxins produce a variety of toxic or carcinogenic effects in humans 
and animals.  Mycotoxin risk associated with ethanol coproducts is dependent on the fate of 
mycotoxins present in the original grain.  Bothast et al. (1992) conducted studies on 
mycotoxin fate during ethanol production or brewing, using either naturally contaminated 
grain or grain artificially contaminated by the addition of known quantities of pure 
mycotoxins.  They concluded that during fermentation and distillation of corn to produce 
ethanol, there is very little degradation of mycotoxins and most was recovered in the DG, 
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thin stillage anddistillers’ solubles fractions.  However, mycotoxins are not found in the end 
product, which is the distilled alcohol.  
Ruminant Blood Cells  
Laboratory evaluation of the ruminant complete blood cell count can be an important 
extension of the physical examination.  The complete blood cell count is a practical tool to 
suggest certain disease processes when physical examination findings are vague and is useful 
for establishing a prognosis in many cases.  The blood metabolic profiles of cattle fed high 
concentrate diets or diets varying in forage : concentrate ratio indicate changes with time in 
the feedlot and with dietary concentrate levels that may reflect incidence or severity of 
acidosis.  One of the main parameters are red blood cells produced in the bone marrow in 
response to erythropoietin produced primarily by the kidneys.  Red blood cells are 
responsible for many biological activities such as gas exchange for carrying oxygen and 
carbon dioxide in their heme structure.  A complete evaluation of red blood cells should 
include a packed cell volume, red blood cells count and hemoglobin concentrations.  Normal 
values for the red blood cells are 5.0-10.0x106 cells·ml-1.  However, some variation exists by 
age of animal and between laboratories.  The red blood cells parameters are helpful when 
evaluating the abnormality such as anemia, which is common in ruminant animals.  Normal 
values for the total white blood cell count and differential cell values are 4,000-12,000 
cells·ml-1; however, variations exist between laboratories.  The total white blood cell count 
tends to be higher in calves less than six months of age and in young adults and then declines 
after three years of age (Kramer, 2000).   
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Economics of Pharmaceutical Technologies  
The pharmaceutical technologies, genetics, nutrition, pasture management, stocker 
management and feedlot production have all played significant roles in improving beef cattle 
production.  Specifically, the pharmaceutical technologies have greatly facilitated and 
enhanced the increased importance of grain feeding in the U.S. beef production system.  This 
technology has improved the overall efficiency with which beef cattle utilize feed and other 
resources, has enhanced the health and reproduction of cattle and improved their welfare 
(Lauderdale, 2004).  The single most important technology is the growth enhancing 
hormones.  They provide benefits for every segment involved in beef production from the 
cow-calf producer through the feedlot phase.  A study conducted by Gill and Trapp (1997) 
analyzed the economic impacts of beef production with and without implants on different 
stages of the cattle.  They concluded the suckling calf implants returned cattlemen about 
$10.00 for each $1.00 invested in the implant.  The stocker cattle with one implant returned 
about $12.00 – 13.00 and feedlot cattle with one implant returned from $21.00 – 42.00 for 
each $1.00 invested in the implant. Implanting heifers once increased return from $17.00 to 
$22.00.  However, reimplanting cattle increased return to as much as $40.00 compared to the 
nonimplanted cattle.   
Ionophores are currently used extensively in feedlots, stocker operations and 
replacement heifer raising operations.  Most feedlot cattle receive an ionophore in the feed 
from day of arrival to day of harvest.  In feedlot cattle, ionophores will improve FE by 6 – 8 
% and daily gain by 1 – 6 %.  The efficiency response provides an economic benefit to the 
feedlot producer of about $12.00 per head.  Monensin is the most widely used ionophore in 
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the U.S. with annual sales of more than $100 million and a potential benefit to the cattle 
industry of $1 billion per year (Russell and Houlihan, 2003).   
In a study conducted by Lawrence and Ibarbura (2007), using meta-analysis to 
combine over 170 research trials evaluating pharmaceutical technologies in all segments of 
the beef industry, such as cow-calf, stocker and feedlot production, they concluded that 
hormonal implants have the largest cost savings effect of the technologies considered with 
6.5 % and over $68.00 per head higher cost if this technology were eliminated.  The second 
largest cost saving technology was de-wormers, reducing the cost by 2.10 % or $ 22.00 per 
head.  Ionophores and β-agonists followed with each reducing costs approximately $ 12.00 – 
13.00 per head or about 1.2 %.   
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CHAPTER 3 
MATERIALS AND METHODS 
Animals and Dietary Treatments  
 All procedures involving animals were approved by the Institutional Animal Care and 
Use Committee at Iowa State University.  
Feeder steer calves from central Midwestern state sale barns, descending from Angus 
and Angus crossbred genetics, were purchased for this study (n = 240; on test weight = 710 ± 
22 and 758 ± 22 lb in the first and second trials, respectively).  The two-trial study was 
conducted at the Iowa State University Beef Nutrition Center in Ames, Iowa.  A total 120 
spring born calves were used in each trial.  The calves were acclimated to their new 
environment upon arrival at the research farm by being fed mid-bloom alfalfa hay (Medicago 
sativa L.) at 2 % of BW and 0.5 g·hd-l·d-l of Aureo S 700® (350 mg Aureomycin® and 350 
mg sulfamethazine, Alpharma Animal Health, Bridgewater, NJ 08807), in a supplement fed 
at the rate of 0.12 lb·hd-l·d-l, which was provided for the first two weeks and top-dressed on 
the hay each morning.  To aid in controlling coccidiosis, Corid® (amprolium 9.6 %, Merial 
Ltd., Duluth, GA 30096) was provided in the water source for the first 5 days of acclimation 
at the rate of 10 mg·kg-1 of BW per day.  At initiation of the study, calves were implanted 
with Compudose E-S® Estradiol 25.7 mg, coated with no less than 0.5 mg oxytetracycline 
powder as a local antibacterial agent (VetLife by Ivy Laboratories, Overland Park, KS 
66214) and injected with Dectomax® Injectable Solution (doramectin 1 %, Pfizer Inc., Pfizer 
Animal Health, New York, NY 10017) and treated with Cydectin® Pour-on (5 mg·ml-1 
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moxidectin, Fort Dodge Animal Health, Fort Dodge, IA 50501) to control external and 
internal parasites.  Calves were also eartagged with an identification number and provided a 
second eartag with Cutter Blue® (fenthion 20 %, piperonyl butoxide 15 %; Bayer Health 
Care Ilc., Shawnee Mission, KS 66201) insecticide and miticide eartags.  The insecticide 
eartag Cutter Blue® was replaced at day 56 with a new eartag.   
About a week after arrival and following acclimation, the steer calves were gradually 
adapted to an 82 % concentrate diet containing whole shelled corn, tall fescue hay, WDG 
along with vitamin and mineral supplementation (Tables 1 and 2) and delivered once daily at 
0800 hours.  About two weeks after arrival, steer calves were assigned randomly to one of 
the five treatments and four replications within treatments (24 calves per treatment) and 
started on the experimental diets.  The steer calves were randomized so that the weight, color 
and temperament were uniformly distributed among the treatments.  The starting weight of 
each steer calf was the average of two weights taken early in the morning on two consecutive 
days prior to feeding but with access to water.  Steers in the control treatment (CON) were 
provided the diet as shown in Table 1.  Steers in the second treatment were provided 
monensin (MON) and were provided same diet as the control group but included 223 mg of 
monensin/hd·d-l (Rumensin® 80, Elanco Animal Health, Indianapolis, IN 46285).  Steers in 
the third treatment, monensin plus functional oils low dose (MON+FL), were provided the 
same diet as the control group but included 223 mg of monensin/hd·d-l and 250 mg·kg-l DMI 
of functional oils (Essential™ Oligo Basics USA LLC, Wilmington, DE).  Steers in the 
fourth treatment, functional oils low dose (FL), were provided the same diet as the control 
group but included 250 mg·kg-l DMI of functional oils and no monensin.  Steers in the fifth 
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treatment, functional oils high dose (FH), were provided the same diet as the control group 
but included 500 mg·kg-l DMI of functional oils and no monensin.  The steers in all 
treatments were re-implanted with Component TE-S ® (120 mg trenbolone acetate, 24 mg 
estradiol and 29 mg tylosin tartrate as a local antibacterial agent; VetLife by Ivy 
Laboratories, Overland Park, KS 66214) approximately 60 days prior to harvest.  In the 
second trial, the protocol was similar to the first trial except towards the end of the trial the 
WDG had to be replaced by MDG due to unavailability of WDG.  However, the diet was 
modified so that the overall dietary composition did not change.  
Table 1. Composition of control diet fed to feedlot steers (DM basis) 
 
Feed ingredient % of diet 
Dry rolled corn  60.4 
Tall fescue hay  18.2 
Wet distillers' grains  18.4 
Liquid molasses   0.4 
Calcium carbonate    1.9 
Sodium chloride  0.5 
Vitamin A   0.1 
Trace mineral*   0.1 
Total  100.0 
*Defined in table 2. 
 
The feedlot facility was a 36 x 756 feet partially open steel shed that secured the 
northern exposure and faced south containing 60 equally sized pens.  All pens were 20 feet 
wide and 40 feet long, with 20 feet under roof.  The floors and bunks were made of concrete.  
The floors had a 4 % slope to the south, and the bunks were fence-lined on the north end of 
each pen provided alongside a driveway.  Each steer was provided approximately 20 inches 
of bunk space.  In addition, there was an automatic waterer placed within the fence-line of 
each two adjoining pens providing the steers with a continuous fresh water supply.     
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The feed allotment was determined daily prior to the morning feeding.  Steers were 
fed ad libitum and feed intake levels were provided such that feed was always available in 
the feedbunks.  Amount of feed was increased when the bunks in approximately one-half of 
the pens of a treatment were completely empty at 0800 hours prior to the morning feeding.  
Feed samples were collected once per week for dry matter determination.  The steers in the 
first year were fed an average of 169 days and the second year they were fed an average of 
161 days.   
Steers were weighed individually at 28 - day intervals in the morning prior to feeding, 
and ADG for that period and throughout the length of the study were calculated during each 
trial.  The amount of daily DM fed to the steers was determined by obtaining a corn, hay, wet 
or dry distillers sample, prior to being loaded onto the feed-wagon, approximately every 5 
days.  The samples were weighed, placed in a conventional oven (Campbell Scientific) at  
 
Table 2. Trace mineral premix analysis (air-dry basis) 
Feed ingredient Content 
Calcium carbonate (Ca) min, %  11.84 
Calcium carbonate (Ca) max, %    14.21 
Copper sulfate (Cu) min, %  1.50 
Ferrous carbonate and ferrous sulfate (Fe) min, %  10.00 
Manganous oxide (Mn) min, %     8.00 
Zinc oxide (Zn) min, %  12.00 
Cobalt carbonate (Co) min, ppm   1000.00 
Ethylenediamine dihydroiodide (I) min, ppm 2000.00 
 
 
221F for a minimum of 48 hours and re-weighed.  The percentage of DM for each 
ingredient was then multiplied by the daily feed delivered to determine the amount of total 
DM fed to each pen of cattle.  The daily DMI was calculated as total pounds of feed intake 
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times DM percentage of feed; ADG as weight difference divided by number of days between 
weighings; and FE by dividing DMI by gain.  Total days on feed (DOF) were counted 
starting on day 1 of the feedlot phase until day of harvest. 
 Feed samples were weekly analyzed by Dairyland Laboratories, Inc (Arcadia, WI).  
Confirmatory or quantitative tests were done to evaluate the mold and yeast counts.  These 
confirmatory tests are run by using high-pressure liquid chromatography.   
Blood Samples and Carcass Data Collection 
Blood samples were collected from 60 randomly selected steers (3 per pen) at the 
beginning and at the end of each trial.  Samples were collected by jugular venipuncture into 
10 - ml sodium heparinized BD Vacutainers™ (Becton Dickinson, Franklin Lakes, NJ 
07417-1885) tubes using a Vacutainer® blood collection needle (20G 1 ½ in.; Becton 
Dickinson, Franklin Lakes, NJ 07417-1885).  Blood samples were kept on ice and transferred 
to the Iowa State University, Veterinary Diagnostic and Production Animal Medicine 
laboratory in Ames for analysis.  Blood samples were analyzed by Hitachi 912 manufactured 
by Boehringer Mannheim S.A. (Barcelona, Spain) and serum samples were analyzed by 
Bayer Advia 120 manufactured by Siemens Medical Solutions (USA)  
The steers within treatments averaged 1360 ± 20 lb in the first trial and 1314 ± 18 lb 
in the second trial when completing the test.  They were transported to the Tyson Fresh 
Meats beef processing plant in Denison, IA for procurement and harvest.  This plant was 
located 95 mi from the research farm in Ames.  Steers were transported to the processing 
plant in the afternoon the day before harvest and remained overnight in holding pens with 
access to water.  The final live weight of each steer was the live weight obtained in the 
48 
 
morning prior to shipment.  Harvest commenced around 0600 hours with the steers being 
stunned using a captive bolt gun and allowing USDA officials to inspect the harvesting 
process and condemn any diseased tissues such as liver abscesses.  All livers were observed, 
identified and noted by a federal inspector.  After 24 hours post-mortem chilling, the left side 
of each carcass was ribbed between the 12th and 13th ribs.  Following ribbing, backfat (BF) 
thickness and ribeye area (REA) at the 12th rib and estimated percentage of KPH were 
recorded for each carcass.  The BF thickness was measured at a point ¾ of the length of the 
longissimus muscle from the chine bone end.  The REA was measured with a plastic grid 
with 10 dots per square inch placed over the loin.  Carcass DP was calculated by dividing 
HCW by final live weight.  Carcass data including HCW, REA and BF thickness were 
recorded by a trained individual.  The KPH, YG and QG were determined by USDA Meat 
Grading Service personnel.  Quality grades were estimated to the nearest one-third of a grade 
and were converted to numerical values for evaluation purposes (Appendix A). 
Economic Analysis 
The economic analysis was conducted using three scenarios.  The first scenario 
involved using actual prices paid for the feeder cattle and feed components and prices 
received for carcasses (years 2007 to 2009).  This scenario is referred to as the actual price 
scenario.  In the second scenario it was assumed that all the cattle received the same feeder 
and fed cattle prices and feed costs were based on a ten-year average (1999 to 2009).  This 
scenario is referred to as the annual scenario.  The third scenario used the same criteria as the 
second option except prices for feed components, feeder and fed cattle prices were derived 
from the ten-year averages for corresponding months.  This scenario is referred to as the 
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seasonal scenario.  The justification for considering these scenarios is that feeder cattle, fed 
cattle and feed prices change over time.  
All values for feeder cattle, live finished cattle, carcass grades, corn and hay were 
obtained from the Chartbook prepared by John Lawrence, Iowa State University extension 
economist.  A budgeting worksheet, which was derived from the 2009 Livestock Enterprise 
Budgets for Iowa (Ellis et al., 2010), was used as a template and modified to drylot systems 
based on the “Finishing Yearling Steers” budget calculations (Appendix B).  All costs were 
individually calculated for the period of time each steer was fed.  
Feeder cattle price was obtained using the Oklahoma City medium framed 500-600 lb 
index obtained from the Chartbook.  The annual purchase price was determined by 
multiplying initial steer weight by the 10-year average feeder cattle price.  Similarly, live 
finished cattle price was determined by multiplying the final steer weight by the 10-year 
average Nebraska live steer price index obtained from the Chartbook.  For the carcass price, 
the individual price was established by taking the hot carcass weight and multiplying it by 
the 10-year average beef price for Prime, Choice or Select, depending on the quality grade of 
each animal.  It was assumed that 100 % of the money spent to purchase the cattle was 
borrowed with an 8 % interest rate.  Days on feed were calculated from the day cattle started 
on test through the day they were weighed and shipped to the packing plant.  Thus, interest 
on feeder cattle price differed among the treatments due to the days steers were on feed at the 
farm.       
Corn and hay prices were determined using the price paid to Iowa farmers and 
obtained from the Chartbook.  Monensin, MDG and WDG prices were obtained from 
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Feedstuffs (The Miller Publishing Company, 12400 Whitewater Dr., Minnetonka, MN 
55343), a weekly newspaper for agribusiness, using the price for Minneapolis.  Functional  
oil price was obtained from Oligo Basics USA LLC, Wilmington, DE.  The annual feed costs 
were determined by multiplying the 10-year average price for each feed ingredient by the 
amount of feed fed per feeding period and summed to obtain a total feed cost per pen.  The 
seasonal feed costs were obtained by multiplying the 10-year average prices for the 
corresponding months for each feed ingredient by the amount of feed fed per feeding period 
and summed to obtain a total feed cost per pen.  
Variable and fixed costs were obtained using values reported from the 2009 Livestock 
Enterprise Budgets for Iowa (Iowa State University, Ag Decision Maker), and the variable 
costs included the sum of feeder steer costs, feed costs, veterinary costs, machinery and 
equipment costs, marketing and miscellaneous costs, labor costs and interest on feed costs.  
Fixed costs included the sum of machinery, equipment and livestock facilities.  
Income over variable cost was the result of subtraction of total variable costs from 
gross income.  Income over all cost, which is equal to the return to management, was 
obtained by subtracting total all costs from gross income.  Gross income was necessary so 
that income was adjusted to reflect a standard 1 % death loss.  Breakeven price for live and 
carcass prices was calculated by taking the sum of all costs per animal divided by the final 
steer live weight or carcass weight multiplied by 100. 
For the price sensitivity analysis, the effect of a ± 5 % increase or decrease in feeder 
price, carcass price and corn price was determined to observe their effects on profitability 
and breakeven price (Appendix C).                
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Statistical Analysis 
The data were analyzed by using the proc MIXED procedure (Littell et al., 1998) of 
SAS (version 9.2, SAS Inst. Inc., Cary, NC).  Pen means of six steers were used as the 
experimental unit in the statistical analysis.  There were five treatment combinations, each 
with four replications per year.  Standard error of the means was calculated and significant 
difference among means was determined by calculating the least significant differences.  
Least squares means were determined for all main effects and interactions.  The pair-wise 
comparisons between the treatments least significant differences were found using Tukey-
Kremer’s multiple pair-wise comparison method for means (Rafter et al., 2002).  P-values of 
less than 0.05 were considered significant.  
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CHAPTER 4 
RESULTS AND DISCUSSION 
Growth Performance 
Least square means for overall animal performance are presented in Table 3 and least 
square means for animal performance by periods are presented in Table 4.  Steers had similar 
weights upon assignment to the dietary treatments (P > 0.05).  There were no differences (P 
> 0.05) found in the final weights.  A total of five steers, two from MON, one from 
MON+FL and two from FL treatments were removed from the study due to health problems 
or death, none of which seemed to be related to the diet.  The weights of the animals lost 
from the study were removed from the analysis and feed intake of the pen was corrected for 
removal of the animals from the study.   
The daily DMI of the steers was 29.38, 28.88, 29.06, 29.48 and 30.13 lb·d-1 for CON, 
MON, MON+FL, FL and FH, respectively (Table 3).  No differences in daily DMI were 
detected (P > 0.05) among the five treatments.  The ADG was different among the five 
treatments (P < 0.05).  The ADG was 3.60, 3.78, 3.70, 3.58 and 3.53 lb·d-1 for CON, MON, 
MON+FL, FL and FH, respectively.  The steers fed the MON dietary treatment had the 
highest ADG compared to the steers fed FL and FH.  However, cattle on MON and 
MON+FL treatments did not differ (P > 0.05) from that of steers fed the CON diet. 
Cattle on the MON dietary treatment (Table 3) had a most favorable and different (P 
< 0.05) FE than cattle on the FH dietary treatment (7.64 vs. 8.44 lb DMI·lb-1 gain, 
respectively).  Cattle on the CON, FL and FH treatments were not different (P > 0.05) from  
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Table 3. Cattle performance in feedlot 
  Treatment1     
Variable  CON MON MON+FL FL FH SEM SD 
Initial wt, lb 730.71 733.00 729.69 731.11 733.42 4.31 27.23
Final wt, lb  1,342.50 1,350.00 1,346.36 1,329.94 1,333.02 5.99 37.90
Daily DMI, lb/d 29.38 28.88 29.06 29.48 30.13 0.23 1.44
ADG, lb/d 3.60ab 3.78a 3.70ab 3.58b 3.53b 0.04 0.23
Feed efficiency2 8.08ab 7.64c 7.85bc 8.06ab 8.44a 0.08 0.48
a-c Means within the same row with different superscripts differ (P < 0.05).    
1  CON = control, MON = monensin, MON+FL = monensin plus functional oil low dose, FL 
= functional oil low dose, FH = functional oil high dose.  
2  lb DMI / lb gain.  
 
 
each other (8.08, 8.06 and 8.44 lb DMI·lb-1 gain, respectively).  As well, steers on the CON, 
MON+FL and FL treatments did not differ (P > 0.05) from each other (8.08, 7.85 and 8.06 lb 
DMI·lb-1 gain, respectively).  Likewise, the MON and MON+FL groups were not different (P 
> 0.05) from each other (7.64 and 7.85 lb DMI·lb-1 gain, respectively).  
The DMI during the first eight weeks of the experiment was slightly more for the FH 
treatment compared to the other treatments (Table 4).  However, in this period the treatments 
consuming the low dose of functional oils had the least DMI.  This trend was changed during 
the next eight week period.  In this period, the CON group had the least and FH had the most 
amount of DMI.  In the last eight weeks, the trend was similar to the first eight weeks of the 
study.  Overall, daily DMI did not differ (P > 0.05) among treatments. 
The gain during the first eight weeks of the experiment was not different (P > 0.05) 
among the five treatments (Table 4).  During the second eight weeks of the experiment, the 
ADG was significantly different (P < 0.05) among the five treatments.  Cattle on the 
MON+FL treatment had the highest ADG and differed (P < 0.05) from the FL treatment 
(3.60 vs. 3.11  
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Table 4. Effect of monensin and functional oil on feedlot performance   
  Treatment1     
Variable  CON MON MON+FL FL FH SEM SD 
Initial wt, lb 730.71 733.00 729.69 731.11 733.42 4.31 27.23 
Body wt, lb         
    d 56  947.00 955.56 945.61 952.91 952.36 6.63 41.95 
    d 112 1,134.45 1,150.21 1,143.75 1,126.81 1,135.91 6.84 43.25 
    d 165 1,342.50 1,350.00 1,346.36 1,329.94 1,333.02 5.99 37.90 
Daily DMI, lb/d         
    d  0 to 56 24.09 24.17 24.29 23.93 24.79 0.62 3.90 
    d 57 to 112 29.27 29.66 29.82 29.48 29.85 0.31 1.97 
    d 113 to 165 31.55 31.53 31.73 31.41 32.16 0.63 4.00 
    d 0 to 165 29.38 28.88 29.06 29.48 30.13 0.23 1.44 
ADG, lb/d        
    d 0 to 56 3.96 4.07 3.92 4.03 4.01 0.05 0.33 
    d 57 to 112 3.35ab 3.48ab 3.60a 3.11b 3.28ab 0.07 0.43 
    d 113 to 165 3.59 3.81 3.72 3.67 3.49 0.12 0.74 
    d 0 to 165 3.60ab 3.78a 3.70ab 3.58ab 3.53b 0.04 0.23 
FE2, DMI/gain        
    d 0 to 56 6.15 6.16 6.50 6.14 6.23 0.18 1.13 
    d 57 to 112 9.18 8.99 9.11 9.91 9.56 0.20 1.25 
    d 113 to 165 9.52 8.54 9.00 9.48 9.59 0.28 1.80 
    d 0 to 165 8.08ab 7.64c 7.85bc 8.06ab 8.44a 0.08 0.48 
a-c Means within the same row with different superscripts differ (P < 0.05).    
1  CON = control, MON = monensin, MON+FL = monensin plus functional oil low dose, FL 
= functional oil low dose, FH = functional oil high dose.  
2  Feed efficiency lb DMI / lb gain.  
 
 
lb·d-1, respectively), but not from CON, MON and FH groups (3.35, 3.48 and 3.28 lb·d-1, 
respectively).  There were no differences (P > 0.05) in the last eight weeks of the study for 
ADG.  The FE during each of the three eight weeks periods were not different (P > 0.05) 
among the treatments however, overall FE was different among the treatments (P < 0.05).   
Effects of Functional and Essential Oils.  In our study, the DMI was not affected by 
functional oils supplementation.  Similarly, Chaves et al. (2008) evaluated essential oil 
compounds (carvacrol and cinnamaldehyde) in lambs fed barley or corn based diets without  
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supplementation or supplemented with 0.2 g·kg-1 of DM intake.  They observed, that neither 
the source of grain nor essential oil compounds affected either DMI or ADG of lambs.  
Equally, Bampidis et al. (2005) observed no changes in DMI and ADG when growing lambs 
were fed diets supplemented with oregano leaves (Origanum vulgare L.) providing 144 or 
288 mg of oregano oil (850 mg·g-1 of carvacrol) per kilogram of diet DM. 
Moreover, similar results were obtained by Yang et al. (2010b) who evaluated 
cinnamaldehyde in feedlot cattle fed typical diets (9 % barley silage, 86 % dry-rolled barley 
grain and 5 % supplement) in commercial feedlots in the western part of Canada.  They 
found that supplementing essential oils and monensin did not affect DMI or growth 
performance at any time during the experiment.  A reduction in DMI with improved FE is 
typically observed when cattle are fed monensin plus tylosin (Potter et al., 1985) and is 
similar to that observed by Stock et al. (1995), who observed a 5 % reduction in DMI when 
individually fed steers received a diet supplemented with 27 mg·kg-1 monensin.  
In another study, Benchaar et al. (2006) evaluated growth performance of beef cattle 
fed a silage base diet supplemented with 2 or 4 g·d-1 of a commercial mixture of essential oils 
(Vertan®; IDENA, Sautron, France) consisting of thymol, eugenol, vanillin and limonene.  
They concluded that DMI and ADG were not affected by the addition of these essential oils.  
However, the gain to DMI ratio was affected quadratically with a dose of 2 g·d-1 maximizing 
FE.  Cardozo et al. (2006) reported that there was a reduced concentrate intake of beef heifers 
fed a mixture of 180 mg·d-1 of essential oils and 90 mg·d-1 of eugenol oils.  However, the 
concentrate intake did not change with a greater dose of the essential oils mixture.  In that 
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study, intake of barley straw was not affected by small or large quantities of essential oil 
supplementation. 
Few studies have been published on effects of monensin and essential oils or their 
constituents on milk production and composition of dairy cows.  Benchaar et al. (2007) 
observed no changes in DMI, milk production and milk components when dairy cows were 
fed 750 mg·d-1 or 2 g·d-1 of essential oils.  
Effects of Monensin.  The failure to observe differences in DMI in our study when 
feeding monensin is in agreement with a study by Depenbush et al. (2008) but contrasts with 
a study by Benchaar et al. (2006).  Various dietary or management factors help explain the 
variability in cattle responses to monensin.  In the study conducted by Benchaar et al. (2006), 
he reported that the supplementation of monensin reduced DMI by 10 % when cattle were 
fed ad libitum intake, but no effect of monensin on DMI was observed for steers fed at 
restricted intake.  Similarly, Loerch (1990) observed that monensin supplementation 
decreased feed intake in steers fed ad libitum intake but not in steers fed a restricted intake.  
Goodrich et al. (1984) conducted a study on crossbred yearling finishing heifers.  
They found that the response of DMI to monensin decreased as the energy density of the diet 
increased.  The DMI is usually related to ME; however, Lana et al. (1997) found that the 
decrease of DMI with monensin supplementation was positively related to dietary CP 
concentration.  
In the present study, supplementation of monensin without functional oils improved 
ADG and FE.  This result conflicted with the results found by Benchaar et al. (2006).  They 
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concluded that the monensin did not influence the ADG and FE, although the ratio of ADG 
to DMI was numerically higher for cattle fed monensin compared with those cattle fed  
control diets.  Several reviews (Goodrich et al., 1984; Potter et al., 1985; Raun, 1990) 
concluded that in grain-based feedlot diets supplementation of monensin improves FE by 
reducing DMI with little or no effect on ADG.   
Potter et al. (1985) summarized 14 trials with nearly 16,000 head of cattle and their 
performance response to monensin.  The trials were conducted in major cattle feeding areas, 
diets were representative of the area, days of feed ranged from 84 to 223 and initial weights 
ranged from 558 to 1025 lb.  Cattle were fed monensin at a concentration of 33 mg·kg−1 of 
DM and received diets that ranged from 60 to 87 % concentrate.  They concluded that the 
ADG was not affected by monensin treatment (1.34 vs. 1.33 kg). Feed intake was reduced in 
monensin treated cattle by 7.7 % (7.72 vs. 9.45 kg) which resulted in an 8.6 % improvement 
in F:G compared to controls (6.61 vs. 7.25).   
Another meta-analysis was conducted by Raun in 1990.  They summarized 37 
experiments with beef cattle fed high-concentrate diets (average of 84.3 % concentrate) 
conducted from 1981 to 1990 in which the average concentration of monensin was 28 
mg·kg−1 of DM.  In summary, monensin increased ADG from 1.6 to 1.8 %, decreased DMI 
from 4 to 6.4 % and improved feed conversion from 5.6 to 7.5 % in growing cattle fed in 
feedlots.  From this study, they concluded that FE improves when monensin is added to the 
diet because of more efficient ruminal fermentation, resulting from an increased proportion 
of propionate to acetate in the rumen and an inhibition of degradation of dietary protein in the 
rumen (Raun, 1990).   
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In our study, FE favored the two monensin treatments (MON and MON+FL), 
presumably because feeding monensin will increase molar proportion of propionic acid and 
decrease the molar proportions of acetate and butyrate in the rumen.  This will result in 
increased efficiency of energy metabolism of the rumen and animal.  These results are in 
general agreement with findings reported by Goodrich et al. (1984).  In their review, they 
conducted meta-analysis of 228 published studies in which monensin effects on performance 
were tested with over 11,000 head of cattle.  They reported that FE improved with increasing 
monensin concentration up to approximately 33 mg·kg-1 DM at which it was 8.7 % better 
than controls.  The greatest improvement in FE was achieved at a dietary metabolizable 
energy (ME) concentration at 2.9 Mcal kg·DM−1 (1.37 Mcal of NEg kg·DM−1).  When diets 
with either higher or lower ME concentrations were fed, response to the monensin was 
reduced.  In addition, monensin increased ADG by 1.6 %, decreased DMI by 6.4 % and 
improved FE by 7.5 %.  It was also noted that a maximal reduction in DMI occurred when 
monensin was fed at 35.5 mg·kg−1 DM.  They observed in most of the experimental trials, the 
control cattle had the poorest FE and the monensin - fed cattle had best FE response.  
However, the magnitude of response in improved FE of feedlot cattle to monensin 
supplementation has been variable, ranging from zero (Zinn and Borques, 1993) to greater 
than 18 % (Bartley et al., 1979).  This wide range of cattle FE response to monensin 
supplementation can be explained by several dietary factors.  These include forage to 
concentrate ratio, protein content and degradability and forage quality (Lana et al., 1997).   
Another reason that the two monensin treatments (MON and MON+FL) in our study 
showed improved FE is that the use of monensin in diets containing unsaturated lipids, 
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usually from plant sources, may have an additional beneficial effect because monensin 
decreases the lipolysis of such lipids to free fatty acids (Van Nevel and Demeyer, 1995).   
Although the individual effects of supplemental fat and ionophores have been researched 
extensively, not much information exists about their associative effects.  
Dose Levels.  There are some indications in the literature that, by increasing doses of 
essential or FO, there might be a positive response in the performance of beef cattle 
production (Cardozo et al., 2006; Yang et al., 2010a).  For example, feeding a mixture of 180 
mg·animal−1·d−1 of essential oil from cinnamaldehyde and 90 mg·animal−1·d−1 of essential oil 
from eugenol to beef heifers fed a high concentrate diet increased small peptides plus AA 
and decreased ammonia concentrations in the rumen with no effects on total VFA 
concentration or its molar proportions (Cardozo et al., 2006).  However, in another 
experiment by the same authors, feeding a greater amount of the mixture (600 
mg·animal−1·d−1 of cinnamaldehyde and 300 mg·animal−1·d−1 of eugenol) decreased water 
intake, the molar proportion of acetate and increased the molar proportion of propionate.  
Their experiment confirmed the in vitro findings of Busquet et al. (2006) who found that the 
effect of essential oils on rumen VFA profiles was dose dependent.  In a study with growing 
lambs, Chaves et al. (2008) reported that supplementation of a diet with 200 mg·kg−1 DM of 
essential oils reduced rumen pH and increased total VFA concentration compared with the 
control. 
The results from our study confirm that the response to functional oils might be dose 
dependent.  The low dose treatment of FL (250 mg·kg−1 DMI) slightly improved the FE 
compare with the high dose of FH (500 mg·kg−1 DMI) treatment.   
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Carcass Composition 
The carcass measurements are summarized in Table 5.  Attempts were made to 
market the steers at 1300 lb and as can be observed there were no differences (P > 0.05) in 
final weights (Table 3).  
Information on the effects of functional oil supplementation on carcass traits of beef 
cattle are lacking.  In our study, the percentage of livers with abscesses ranged between 6.25 
to 18.75 %, with differences among the treatments (P < 0.05, Table 5).  The percentage of 
liver abscesses was 10.42, 6.25, 10.42, 10.42 and 18.75 % for CON, MON, MON+FL, FL 
and FH, respectively.  Cattle on the FH treatment had the highest percentage of liver abscess 
compared to the cattle on the MON treatment (18.75 vs. 6.25 %, respectively).  The steers 
fed in the MON, MON+FL and FL treatments did not differ (P > 0.05) from that of the steers 
fed the CON treatment (6.25, 10.42, 10.42 and 10.42 %, for MON, MON+FL, FL and CON, 
respectively).   
Generally, the liver abscess incidence in drylot cattle ranges from 1 to 95 % with 
most feedlots averaging between 12 to 32 %.  Liver abscesses are influenced by a number of 
dietary and management factors (Brink et al., 1990; Nagaraja and Lechtenberg, 2007b).  
Liver abscesses are generally polymicrobial infections with anaerobes being the predominant 
organism.  The bacteria Fusobacterium necrophorum is the primary etiologic agent followed 
by the bacteria Arcanobacterium pyogenes.  Additionally, various other anaerobic and 
facultative bacteria species have been identified, including Bacteroides sp., Clostridium sp., 
coliform, Mobiluncus sp., Mitsuokella sp., Pasteurella sp., Peptostreptococcus sp.,  
61 
 
Table 5. Cattle carcass characteristics  
  Treatment1    
Variable  CON MON MON+FL FL FH SEM SD 
Liver abscesses, % 10.42ab 6.25b 10.42ab 10.42ab 18.75a 2.10 13.28
Dressing percentage, % 61.03ab 60.01c 60.97ab 60.64bc 61.47a 0.17 1.09
HCW, lb   819.29 808.17 822.48 806.77 819.40 4.24 26.82
REA, sq in 13.37ab 12.99b 13.14ab 13.12ab 13.60a 0.09 0.55
BF thickness, in 0.53 0.49 0.50 0.52 0.53 0.01 0.08
KPH, % 2.49ab 2.58a 2.35b 2.55ab 2.55ab 0.03 0.22
Yield grade  2.73ab 2.75a 2.50b 2.74ab 2.70ab 0.04 0.27
Yield grade2, %  97.92 93.75 97.92 97.83 100.00 1.12 7.11
Quality grade3 6.77 6.85 6.93 6.87 7.07 0.10 0.63
Quality grade4, %  68.75 68.75 70.83 75.00 87.50 3.21 20.31
a-c Means within the same row with different superscripts differ (P < 0.05).    
1  CON = control, MON = monensin, MON+FL = monensin plus functional oil low dose, FL 
= functional oil low dose, FH = functional oil high dose.  
2  Yield grades 1, 2 and 3.     
3 High Select = 6, Low Choice = 7.    
4  Quality grade Low Choice and greater.    
 
 
Porphyromonas sp., Prevotella sp., Propionibacterium sp., Staphylococcus sp., 
Streptococcus sp. and many unidentified Gram-positive and Gram-negative bacteria.  
Therefore, liver abscesses from feedlot cattle not only affect economics due to lost product 
sales, but also influence performance and carcass yield (Nagaraja and Lechtenberg, 2007b).   
Research documenting the bactericidal activity of functional oils on the primary 
etiological agents in liver abscesses is limited.  Ionophores have no effect on control of liver 
abscesses in feedlot cattle.  However, studies have confirmed that monensin in combination 
with tylosin will reduce the liver abscess incidence by 40 to 70 % (Pendlum et al., 1978). 
DiCostanzo et al. (1996) reported liver abscess condemnation rates of 25.1 % in 
feedlot cattle fed no ionophores or antibiotic, 27.8 % in cattle fed only ionophores and 10.1 
% in cattle fed the combination of ionophores plus tylosin.  The mode of action of tylosin is 
believed to be its inhibitory effect on F. necrophorum.  Tylosin, a macrolide, is effective 
62 
 
primarily against Gram-positive bacteria, but Gram-negative bacteria such as F. 
necrophorum are also sensitive.  
The FH treatment cattle had the highest DP (Table 5) and differed from MON and FL 
treatments (61.47, 60.01 and 60.64 % respectively, P < 0.05), but not from CON and 
MON+FL treatments (P > 0.05).  Conversely, cattle of the MON treatment had the lowest 
DP and were lower (P < 0.05) than CON, MON+FL and FH (60.01, 61.03, 60.97 and 61.47 
% respectively).  Treatments did not have an effect on HCW, with a range of 806.77 to 
822.48 lb (P > 0.05).   
The treatments were significantly different for REA (P < 0.05; Table 5).  Cattle of the 
FH treatment had the largest REA and differed from the cattle on the MON treatment (13.60 
and 12.99 sq in, respectively, P < 0.05); however, they also were different from the cattle on 
CON, MON+FL and FL treatments (13.60, 13.37, 13.14 and 13.12 sq in, respectively, P > 
0.05).  The BF thickness was not different among the treatments (P > 0.05).  As can be 
observed, KPH percentage was affected by dietary treatments (P < 0.05).  The cattle on the 
MON treatment had a higher KPH percentage and differed from the MON+FL treatment 
(2.58 and 2.35 %, respectively P < 0.05), but not from CON, FL and FH treatments (2.58, 
2.49, 2.55 and 2.55 %, respectively, P > 0.05).  Correspondingly, cattle on the MON+FL 
treatment had a similar KPH percentage to CON, FL and FH (P > 0.05).  Our results tend to 
disagree with a study done by Schaake et al. (1993).  They found that there was a positive 
relationship between BF thickness and KPH percentage, meaning that cattle which had more 
BF thickness also had more KPH.  However, similar result to ours have been observed by 
Sainz et al. (1995), who found that BF thickness decreased as KPH percentage increased. 
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In this study the YG was different among the treatments (P < 0.05; Table 5).  The 
cattle on the MON+FL treatment had a better YG and thus higher cutability and differed 
from the MON treatment (2.50 and 2.75 %, respectively, P < 0.05); however, YG was not 
different for the cattle on the CON, FL and FH treatments (2.73, 2.74 and 2.70 %, 
respectively, P > 0.05).  Correspondingly, cattle on the MON treatment had the worst YG but 
did not differ from CON, FL and FH treatments (P > 0.05).   
In our study YG between one and three averaged 97.92, 93.75, 97.92, 97.83 and 100 
% for CON, MON, MON+FL, FL and FH, respectively (Table 6).  The distributions of YG 
from one to five between the treatments groups were not different from each other (P > 0.05).   
Marbling is an important factor in determining the USDA quality grade; it is also 
considered a visual indicator of palatability.  In our study, the QG was not different among 
the five treatments (P > 0.05; Table 7).  However, numerically, cattle on the FH treatment 
had slightly higher QG than the cattle on the CON treatment (7.07, choice vs. 6.77, select, 
respectively).  Quality grade averaged low Choice or higher for all treatments and averaged 
68.75, 68.75, 70.83, 75.00 and 87.5 % for CON, MON, MON+FL, FL and FH, respectively.  
The distributions of the QG were different (P < 0.05) in the Prime and high Choice 
percentiles.  The cattle on the FH treatment had the most Prime QG carcasses and differed 
from CON and MON+FL treatments (6.25, 0.00 and 0.00 %, respectively, P < 0.05), but did 
not differ from the MON and FL treatments (2.08 and 2.08 %, respectively, P > 0.05).  The 
MON+FL treatment had the most high Choice QG carcasses and differed from FL and FH 
treatments (12.5, 2.08 and 2.08 %, respectively, P < 0.05), but not from CON and MON 
treatments (4.17 and 10.42 %, respectively, P > 0.05).  However, other QG such as  
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Table 6. Yield grade distribution of cattle carcasses 
  Treatment1    
Variable  CON MON MON+FL FL FH SEM SD 
Yield grade  2.73ab 2.75a 2.50b 2.74ab 2.70ab 0.04 0.27
Yield grade2, %  97.92 93.75 97.92 97.83 100.00 1.12 7.11
Yield grades, %        
     1 0.00 2.08 2.08 2.08 0.00 0.70 4.45
     2 29.17 29.17 41.67 25.00 29.17 3.61 22.82
     3 68.75 62.50 54.17 70.83 70.83 3.70 23.38
     4 2.08 4.17 2.08 2.08 0.00 0.88 5.58
     5 0.00 2.08 0.00 0.00 0.00 0.42 2.64
a,b Means within the same row with different superscripts differ (P < 0.05).    
1  CON = control, MON = monensin, MON+FL = monensin plus functional oil low dose, FL 
= functional oil low dose, FH = functional oil high dose.  
2  Yield grades 1, 2 and 3.       
 
 
Table 7. Quality grade distribution of cattle carcasses  
  Treatment1    
Variable  CON MON MON+FL FL FH SEM SD 
Quality grade2 6.77 6.85 6.93 6.87 7.07 0.10 0.63
Choice - and greater, % 68.75 68.75 70.83 75.00 87.50 3.21 20.31
Quality grades, %         
     Prime 0.00b 2.08ab 0.00b 2.08ab 6.25a 0.88 5.58
     Choice + 4.17ab 10.42ab 12.50a 2.08b 2.08b 1.86 11.75
     Choice 22.92 12.50 10.42 22.92 20.83 2.82 17.86
     Choice - 41.67 43.75 47.92 47.92 47.92 3.71 23.49
     Select 31.25 31.25 29.17 25.00 22.92 3.12 19.75
a,b Means within the same row with different superscripts differ (P < 0.05).    
1  CON = control, MON = monensin, MON+FL = monensin plus functional oil low dose, FL 
= functional oil low dose, FH = functional oil high dose.  
2  High Select = 6, Low Choice = 7.    
 
 
Choice, low Choice and Select were not different (P > 0.05) among the five treatments. 
Our findings were contradicted by studies done by Steen et al. (1978).  They 
concluded that the carcasses from steers fed with monensin tend to be heavier and fatter, with 
higher marbling scores and YG.  Goodrich et al. (1984) reported that monensin resulted in a 
less profound response to DP, marbling score, fat depth, QG and YG with a maximum 
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difference compared to control of 0.69 %.  The greatest differences were in QG, which was 
reduced by 0.69 % and an increase in REA of 0.61 % when monensin was fed. 
In general, in most beef cattle studies, the ionophores had little or no effect on carcass 
characteristics such as marbling score and YG (Goodrich et al., 1984).  
Few studies have been conducted looking at the effects of essential oils on beef cattle 
carcass characteristics.  For instance, Chaves et al. (2008) reported that supplementation of 
lamb diets with 0.2 g·kg-1 DM of essential oils tended to increase liver weight but did not 
affect HCW, meat yield, palatability and flavor of the meat.  In another study, Bampidis et al. 
(2005) evaluated performance and carcass characteristics of growing lambs fed dried oregano 
leaves.  The primary essential oils in oregano are carvacrol and thymol with carvacrol being 
the most abundant.  No differences in lamb performance or carcass characteristics were noted 
when dried oregano leaves were fed at levels of 0, 102 or 213 mg·d-1 of oregano essential oil.   
Feed Analysis  
Mycotoxins are toxic or carcinogenic chemicals of secondary metabolites produced 
by fungi that cause an undesirable effect when animals are exposed (Paterson and Lima, 
2010).  Table 8 provides the distribution of the mold and yeast counts in our study.  Clearly, 
the month of March had the largest amounts of mold and yeast in the diets.  These large 
amounts of mold and yeast are probably due to the relationship of feeding ethanol coproduct 
and the change of seasons.  However, there are not many studies done on the correlation of 
feeding ethanol coproduct and season  
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Table 8. Mold and yeast counts of feed samples 
 Total mold count Total yeast count  
Months  col/ g1        col/g 
November 1,000 90,000,000 
December 56,571 94,471,428 
January  617,000 80,942,857 
February  1,264,000 68,062,500 
March  2,327,000 344,000,000 
April  206,667 293,333,333 
May  250,200 230,000,000 
June 100,000 40,000,000 
1 Colonies / gram.  
 
 
and thus one might conclude that the early spring months are the most critical when feeding 
coproducts such as WDGS.   
The result of mold species is provided in Table 9.  The dominant type of the 
mycotoxins are the fumonisins (Paterson and Lima, 2010).  They have been recently 
discovered and are produced by the fungi Fusarium verticillioides and F. proliferatum.  One 
of the reasons for the fumonisins having more cell counts compared to other types of 
mycotoxins is that they are the universal inhabitants of the corn.  Fumonisins are dangerously 
toxic to non-ruminant animals such as horses and swine.  Diagnosing mycotoxins toxicity in 
beef cattle is difficult, because mycotoxin residues are not easily detected in cattle.  The 
symptoms are often not specific and may be the result of a series of events or opportunistic 
diseases (Paterson and Lima, 2010). 
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Table 9. Mold species distribution of feed samples 
  Species, %  
Months  
A. 
glaucus1  
Fusarium 
sp. 
Mucor  
sp. 
Penicillium  
sp.  
Rhizopus 
sp. 
Total  
col/ g2 
December 0.00 100.00 0.00 0.00 0.00 75,000 
January  0.00 26.32 21.05 52.63 0.00 31,667 
February  0.00 26.73 35.64 34.65 2.97 25,250 
March  0.00 85.09 0.00 14.91 0.00 543,333 
April  0.00 80.65 0.00 19.35 0.00 206,667 
May  0.00 68.75 12.39 18.86 0.00 250,200 
June 0.00 50.00 30.00 20.00 0.00 100,000 
November  0.00 0.00 0.00 100.00 0.00 1,000 
December 0.00 50.81 39.02 10.16 0.00 49,200 
January 0.00 89.49 10.27 0.24 0.00 1,056,000 
February  0.00 89.91 0.10 9.99 0.00 2,502,750 
March  0.005 79.98 10.00 10.01 0.01 5,002,500 
1 Aspergillus glaucus. 
2 Colonies / gram. 
 
 
Blood Analysis 
The blood data analyses are provided in Table 10.  The results were not different 
among the treatments (P > 0.05).  The white blood cell count ranged from 9.97 to 10.95 
x10^3·L-1.  According to Kramer (2000), this count ranged within normal levels.  The red 
blood cell count ranged from 8.52 to 8.93 x10^6·L-1.  The normal beef cattle red blood cell 
range is 5.0 to 10.0 x10^6·L-1.  In our cattle the hemoglobin count was towards the upper 
boundary.  The hemoglobin ranged from 12.06 to 14.39 g·dl-1.  In cattle, the normal range is 
generally from 8.0 to 15.0 g·dl-1.  The sorbitol dehydrogenase ranged from 6.13 to 29.88U·l-1.  
The normal range of sorbitol dehydrogenase for cattle is generally from 6.1 to 32.0 U·l-1. 
The complete blood count may be used to suggest certain disease processes when 
physical examination findings are vague and is useful for establishing a prognosis in many 
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Table 10. White blood cell, hemoglobin, red blood cell and SDH on cattle fed monensin and 
functional oil 
  Treatment1     
Variable  CON MON MON+FL FL FH SEM SD 
White blood cell, x10^3/L               
     Initial  9.97 10.67 10.47 10.95 10.27 0.29 1.87
     Final  10.39 10.04 10.76 9.87 10.30 0.18 1.14
Hemoglobin, g/dl        
     Initial  12.17 12.66 12.44 12.22 12.06 0.14 0.91
     Final  14.17 14.17 14.39 14.15 14.12 0.09 0.59
Red blood cell, x10^6/L         
     Initial  8.93 8.88 8.88 8.65 8.52 0.12 0.79
     Final  8.93 8.85 8.82 8.58 8.70 0.07 0.46
SDH2, U/l        
     Initial  29.83 26.18 29.88 23.31 17.93 2.20 9.85
     Final  9.80 12.05 10.68 8.22 6.13 0.01 4.53
1  CON = control, MON = monensin, MON+FL = monensin plus functional oil low dose, FL 
= functional oil low dose, FH = functional oil high dose.  
2  Sorbitol dehydrogenase.  
 
 
cases (Kramer, 2000).  From the analysis of the complete blood count, one can conclude that 
the cattle did not have any mild or severe health issues. 
Economic Analysis 
In this study, the economics analysis was categorized into three scenarios.  The 
reasons for these scenarios are that the prices of beef cattle rise and fall over the course of 
time of production and cycles span roughly 10 years (Aadland, 2004).  In addition, to 
determine how profitability and other variables change based upon time, it was decided to 
use these scenarios.  In the first economic scenario, it was decided to use actual prices paid 
for feeder cattle and feed components and prices received for carcasses.  In the second or 
annual scenario, it was assumed that the cattle received the same feeder and fed cattle prices 
and feed prices using a 10 year average for feed components and feeder and fed cattle prices.  
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For the third or seasonal scenario, prices used were for corresponding months for feeder, fed 
cattle and feed component prices.  The seasonal price patterns for feeder cattle are quite 
regular and persistent but are modified by short-term market trends and may be muted or 
exaggerated by the longer term cattle cycle (Peel, 2006).  A sensitivity analysis was 
conducted to determine how robust the results are to changes in feed price, especially corn 
price and feeder price and carcass price.   
 Actual Analysis.  The actual economic variables are shown in Table 11.  The carcass 
price of the feeder cattle represents the most significant component of the cattle’s final 
breakeven cost.  There were no differences among the treatment groups for purchase price (P 
> 0.05).  The same feeder prices were applied to all the steers, because the cattle were 
purchased at the same time.  These results were expected because there were no differences 
for initial and final steer weights.   
The carcass value was numerically greater for the cattle on the FH treatment 
compared to the other treatments, especially the FL treatment (Table 11).  The reason for 
these slight differences is that the cattle on the FH treatment had a better dressing percentage 
and had more carcasses in the Choice and Prime quality grades.  Total feed costs are true 
variable costs and depend on the level of production.  This cost also will include the costs of 
NaCl, mineral supplementation and ionophores.  Total feed and corn costs were also 
numerically higher for the cattle on the FH treatment.  This high cost was expected since 
cattle in this treatment consumed more feed compared to cattle in other treatments.  Interest 
on the cattle was determined by purchase price and total feed consumption.  No differences 
were noted 
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Table 11. Economic variables for actual prices by treatment 
  Treatment1   
Variable  CON MON MON+FL FL FH SEM SD 
Initial wt, lb 730.71 733.00 729.69 731.11 733.42 4.31 27.23 
Final wt, lb  1,342.50 1,350.00 1,346.36 1,329.94 1,333.02 5.99 37.90 
Feeder price, $/cwt 103.21 103.21 103.21 103.21 103.21 - - 
Purchase value, $/hd 753.05 754.16 754.32 753.90 755.86 0.73 4.65 
Hot carcass wt, lb 819.29 808.17 822.48 806.77 819.40 4.24 26.82 
Carcass value, $/hd 1,198.39 1,185.33 1,205.25 1,184.81 1,209.24 20.25 128.06 
Total feed cost, $/hd 318.54 313.17 310.47 308.34 321.77 4.18 26.62 
Corn cost, $/hd 233.93 225.87 227.78 226.47 236.57 3.89 24.61 
Interest on cattle, $/hd 27.23 27.27 27.28 27.27 27.34 0.03 0.17 
Total variable cost, $/hd 1,167.66 1,160.73 1,163.60 1,158.34 1,173.80 3.99 25.26 
Total cost, $/hd 1,181.66 1,174.73 1,177.60 1,172.34 1,187.80 3.99 25.26 
Cost of gain, $/cwt 71.57ab 68.71b 71.67ab 70.52b 74.35a 2.35 14.88 
Breakeven price, $/cwt live wt  87.37 86.45 86.50 87.35 88.24 0.55 3.45 
Breakeven price, $/cwt hot carcass 143.21 144.11 142.16 144.02 143.65 1.02 6.45 
Return to management, $/hd 4.74 (1.26) 15.60 0.63 9.34 22.69 143.52 
a,b Means within the same row with different superscripts differ (P < 0.05).    
1  CON = control, MON = monensin, MON+FL = monensin plus functional oil low dose, FL = functional oil low dose, FH = 
functional oil high dose.  
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when comparing all the treatments.  Total costs include the sum of all variable costs and 
fixed costs.  Total variable cost, which includes purchase value, feed costs, interest and all 
other costs, was numerically highest in the FH and lowest for FL treatment, 1,173.80 and 
1,158.34 $·hd−1, respectively.  One of the main reasons that the cattle on the FH treatment 
had higher total variable costs was due to the higher total feed costs. 
Cost of gain per cwt was calculated by taking the total of all costs minus the purchase 
value and dividing by the difference between final and initial weight of the steers (Table 11).  
The cost of gain eliminates the impact of purchase value on profitability and reflects the cost 
of production associated with performance of the cattle in the drylot.  Cattle on the MON and 
FL treatments had lower (P < 0.05) costs of gain per cwt than cattle in the FH treatment 
(68.71, 70.52 and 74.35 $·cwt−1, respectively).  Steers in CON, MON, MON+FL and FL 
treatments did not differ from each other (P > 0.05).  One of the reasons for the FH treatment 
to have a higher cost of gain is the higher feed cost.  Since the cattle in this treatment had the 
highest percentage of Choice and Prime carcasses, they compensated for their higher feed 
costs and thus their return to management were relatively competitive to the other treatments.  
However, we cannot explain why the functional treatments are creating higher quality 
grading carcasses.   
To determine the price to pay for feeder cattle and to evaluate the effect on expected 
profit, cattle feeders use breakeven price budgets.  Breakeven price budgeting is one of the 
most helpful management tools for cattle feeders.  Breakeven prices per cwt on a live and hot 
carcass basis were not different (P > 0.05) among treatments.  
Profitability was numerically higher for the MON+FL steers compared to the MON 
steers.  The MON steers had the lowest profitability because of their lower percentage of 
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Choice and Prime carcasses.  From these results, one might suggest that the use of functional 
oils with the ionophore such as monensin or functional oils at higher levels in a drylot 
finishing system might be more profitable compared to some other systems.  
Annual Analysis.  The economic variables for the annual scenario are provided in 
Table 12.  There were no differences among the treatment groups for feeder, purchase and 
fed cattle prices (P > 0.05).  Carcass value was numerically highest in the FH and lowest in 
the MON treatments, 1,118.96 and 1,092.36 $·hd−1, respectively.   
Total feed costs were not different (P > 0.05) among treatments (Table 12).  
However, the high and low dose of the functional oils treatments had the numerically highest 
and lowest total feed costs, respectively.  The lowest corn cost was for cattle in the FL 
treatment and the greatest corn cost was for cattle in the FH treatment.  Total variable costs 
and total costs were not different (P > 0.05) among the treatments.  Cost of gain per cwt was 
different (P < 0.05) among the five treatments.  The cattle on the FH treatment were different 
(P < 0.05) from cattle in the MON treatment (64.85 and 59.20 $·cwt−1, respectively).  
However, the two-monensin treatments (MON and MON+FL) and two functional oil 
treatments (FL and FH) were not different (P > 0.05) between each other.   
Breakeven prices per cwt on a live and hot carcass basis were not different (P > 0.05) 
among treatments (Table 12).  Nevertheless, numerically breakeven price on a live basis was 
greatest in the FH and smallest in the MON treatments, respectively.  On a carcass basis 
breakeven was greatest in the MON and smallest in the MON+FL treatments, respectively.  
Although, there was no difference (P > 0.05) among treatments for return to management or 
profitability, the general trend was changed compared to the previous actual scenario  
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Table 12. Economic variables for annual prices by treatment 
  Treatment1   
Variable  CON MON MON+FL FL FH SEM SD 
Initial wt, lb 730.71 733.00 729.69 731.11 733.42 4.31 27.23 
Final wt, lb  1,342.50 1,350.00 1,346.36 1,329.94 1,333.02 5.99 37.90 
Feeder price, $/cwt 98.96 98.96 98.96 98.96 98.96 - - 
Purchase value, $/hd 723.11 724.19 724.40 723.94 725.79 4.37 27.63 
Fed cattle price, $/cwt 81.58 81.58 81.58 81.58 81.58 - - 
Hot carcass wt, lb 819.29 808.17 822.48 806.77 819.40 4.24 26.82 
Carcass value, $/hd 1,103.70 1,092.36 1,109.12 1,094.07 1,118.96 6.60 41.74 
Total feed cost, $/hd 219.55 214.65 217.18 211.05 221.10 3.22 20.36 
Corn cost, $/hd 153.73 148.10 149.98 147.50 154.90 2.45 15.51 
Interest on cattle, $/hd 26.15 26.19 26.20 26.18 26.25 0.16 1.00 
Total variable cost, $/hd 1,037.61 1,033.86 1,036.60 1,029.97 1,041.94 2.79 17.65 
Total cost, $/hd 1,051.61 1,047.86 1,050.60 1,043.97 1,055.94 2.79 17.65 
Cost of gain, $/cwt 61.81ab 59.20b 61.86ab 61.34ab 64.85a 0.86 5.43 
Breakeven price, $/cwt live wt  77.62 76.98 77.05 77.64 78.32 0.44 2.79 
Breakeven price, $/cwt hot carcass 127.22 128.32 126.62 128.02 127.49 0.83 5.27 
Return to management, $/hd 41.05 33.57 47.43 39.16 51.83 7.45 47.11 
a,b Means within the same row with different superscripts differ (P < 0.05).    
1  CON = control, MON = monensin, MON+FL = monensin plus functional oil low dose, FL = functional oil low dose, FH = 
functional oil high dose.  
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analysis.  Most favorable was for the cattle in the FH treatment and least favorable was for 
the cattle in the MON treatment (51.83 and 33.57 $·hd−1, respectively). 
From the ten-year annual price calculation, we might suggest that the use of a high 
dose of FO in a drylot finishing system is the most profitable compared to other treatments 
used in these trials. 
Seasonal Analysis.  The economic variables for the seasonal scenario are shown in 
Table 13.  Since this calculation was done by ten-year average seasonal prices, there were no 
differences for feeder price and fed cattle price and likewise the purchase prices were not 
different (P > 0.05).  The carcass value was numerically highest in the FH and lowest in the 
MON treatment, 1,127.24 and 1,098.13 $·hd−1, respectively.   
Total feed cost was not different among treatments (Table 13, P > 0.05).  However, 
the high and low doses of the FO treatments had the numerically highest and lowest total 
feed costs.  This trend was similar to the annual scenario.  The lowest corn cost was for cattle 
on the FL treatment and the greatest corn cost was for cattle in the FH treatment.  Total 
variable costs and total costs were not different (P > 0.05) among treatments.  Cost of gain 
per cwt was different (P < 0.05) among the five treatments.  Cattle on the FH had the highest 
cost of gain per cwt and differed from MON (63.90 and 57.85 $·cwt−1, respectively; P < 
0.05), but not from CON, MON+FL and FL groups (60.45, 60.50 and 60.11 $·cwt−1, 
respectively; P > 0.05), however, the two-monensin treatments (MON and MON+FL) and 
two functional oil treatments (FL and FH) were not different (P > 0.05) between each other.  
The general pattern was very similar to the annual price scenario.    
Breakeven price per cwt on a live and hot carcass basis was not different among 
treatments (P > 0.05).  Nevertheless, numerically breakeven price on a live basis was  
  
75 
Table 13. Economic variables for seasonal* prices by treatment 
  Treatment1   
Variable  CON MON MON+FL FL FH SEM SD 
Initial wt, lb 730.71 733.00 729.69 731.11 733.42 4.31 27.23 
Final wt, lb  1,342.50 1,350.00 1,346.36 1,329.94 1,333.02 5.99 37.90 
Feeder price, $/cwt 100.72 100.72 100.72 100.72 100.72 - - 
Purchase value, $/hd 736.20 737.31 737.54 737.05 738.93 5.47 34.60 
Fed cattle price, $/cwt 81.82 81.82 81.82 81.82 81.82 - - 
Hot carcass wt, lb 819.29 808.17 822.48 806.77 819.40 4.24 26.82 
Carcass value, $/hd 1,109.51 1,098.13 1,115.47 1,101.19 1,127.24 6.95 43.94 
Total feed cost, $/hd 216.69 211.87 214.27 208.21 218.17 3.45 21.83 
Corn cost, $/hd 150.29 144.76 146.64 144.11 151.40 2.65 16.74 
Interest on cattle, $/hd 26.62 26.67 26.67 26.65 26.72 0.20 1.25 
Total variable cost, $/hd 1,048.32 1,044.68 1,047.30 1,040.71 1,052.62 3.41 21.54 
Total cost, $/hd 1,062.32 1,058.68 1,061.30 1,054.71 1,066.62 3.41 21.54 
Cost of gain, $/cwt 60.45ab 57.85b 60.50ab 60.11ab 63.90a 1.08 6.84 
Breakeven price, $/cwt live wt  78.42 77.79 77.85 78.46 79.13 0.50 3.14 
Breakeven price, $/cwt hot carcass 128.54 129.68 127.94 129.37 128.81 0.93 5.58 
Return to management, $/hd 36.09 28.47 43.01 35.47 49.34 8.66 54.76 
* Ten-year average corresponding month price.    
a,b Means within the same row with different superscripts differ (P < 0.05).    
1  CON = control, MON = monensin, MON+FL = monensin plus functional oil low dose, FL = functional oil low dose, FH = 
functional oil high dose.  
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greatest in the FH and smallest in the MON treatments.  On a carcass basis the breakeven 
price per cwt was highest in the MON and lowest in the MON+FL treatment.  Although there 
was no difference (P > 0.05) among treatments for return to management, the general trend 
was similar to the annual scenario and unlike the actual scenario analyses.  Most favorable 
was for the cattle in the FH treatment and least favorable was for the cattle in the MON 
treatment (49.34 and 28.47 $·hd−1, respectively).  From the ten-year seasonal price 
calculation, we can suggest that the use of a high dose of functional oils in a drylot finishing 
system is the most profitable compared to some other systems. 
The research done by Lawrence and Ibarburu (2008) used meta-analysis to combine 
over 170 research trials evaluating pharmaceutical technologies in the cow-calf, stocker and 
feedlot systems of beef production.  Their results were used to estimate the farm level 
economic value of parasite control, growth promotant implants, sub-therapeutic antibiotics, 
ionophores and beta agonists for the industry in 2005.  In the feedlot systems they studied, 
they concluded that using ionophores will reduce feeding costs approximately 12.00 – 13.00 
$·hd−1 or about 1.2 %.  However, in our study we did not find this difference.       
Price Sensitivity Analysis.  A sensitivity analysis of the budget provides additional 
information on how dependent profitability is on the price of inputs and yields used.  
Furthermore, the results of the sensitivity analysis shows how sensitive the feeder, carcass 
and corn price changes in profit are to changes in those values.  Langemeier et al. (1992) 
found, that in cattle finishing, feeder prices, carcass prices and corn prices had the most 
impact on profit variability over time.  The movement in fed cattle prices explained roughly 
50 % of the variability over time in cattle feeding profits.  In addition, the changes in corn 
prices contributed up to 22 % of the variability in profits.  Similar results were observed in a 
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study done by Koknaroglu et al., (2005).  They investigated the factors affecting beef cattle 
performance and profitability and concluded that 50 % of the variation in profit was caused 
by fed and feeder cattle prices.  These results show the importance of marketing time on 
profitability.  Slight changes in these factors have significant impact on profitability and thus, 
a sensitivity analysis was conducted, by increasing and decreasing the feeder price, carcass 
price and corn price by 5 %, to access the impact on profitability (Table 14).  Detailed results 
on the sensitivity analysis are provided in Appendix C.   
Because corn is the major ingredient in feedlot rations, the price of corn and the time 
cattle spent in the feedlot become more important. Increasing and decreasing the corn price 
by 5 % naturally affects feed costs and other costs associated with production (Table 14).  
When corn price increased and decreased by 5 %, average profitability across treatment 
groups decreased 10.85 $·hd−1 and increased 11.49 $·hd−1.  Feeder cattle purchase price is a 
part of total variable costs and consequently the total costs.  Changes in feeder cattle price are 
reflected in hot carcass breakeven price and profit.  When feeder price increased and 
decreased 5 %, average profitability across treatment groups decreased 39.09 $·hd−1 and 
increased 39.08 $·hd−1, respectively.  As carcass price does not affect production and buying 
costs, all the values except carcass price, total revenue and profit are the same for all the 
treatments.  The profitability increased 59.32 $·hd−1 and decreased 59.21 $·hd−1 when carcass 
prices were increased and decreased by 5 %.  This analysis shows the importance of carcass 
price on profitability.  Since the carcass is the end product that brings in revenue the price 
received highly affects overall profitability.      
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Table 14. Sensitivity of the mean return to management to changes in economic variables by treatment when using actual prices 
by treatments 
  Treatment1   
Variable  CON MON MON+FL FL FH SEM SD 
Actual return to management, $/hd  4.74 (1.26) 15.60 0.63 9.34 22.69 143.52 
Corn price increases 5%, $/hd (6.95) (12.55) 4.21 (10.69) (2.49) 22.82 144.31 
Corn price decreases 5%, $/hd 16.44 9.96 26.99 11.95 21.17 22.49 142.21 
Feeder price increases 5%, $/hd (34.28) (40.34) (23.49) (38.44) (29.83) 22.63 143.11 
Feeder price decreases 5%, $/hd 43.76 37.81 54.68 39.69 48.50 22.67 143.39 
Carcass price increases 5%, $/hd 64.07 57.42 75.26 59.28 69.21 23.65 149.55 
Carcass price decreases 5%, $/hd (54.57) (59.93) (44.06) (58.02) (50.51) 21.65 136.96 
1  CON = control, MON = monensin, MON+FL = monensin plus functional oil low dose, FL = functional oil low dose, FH = 
functional oil high dose.  
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CHAPTER 5 
GENERAL CONCLUSIONS  
An experiment was conducted to examine the effects of FO, with and without 
ionophores on performance, carcass characteristics and economics analysis on a cattle drylot 
finishing program.  Our findings show that the daily DMI was not affected by FO 
supplementation.  The cattle on the MON treatment had the highest ADG compared to the 
cattle on FL and FH treatments (P < 0.05).  Similar findings were observed for FE where 
cattle on the MON treatment had a greater FE than cattle on the two functional oil treatments 
(P < 0.05).   
Cattle on the FH treatment had a higher percentage of liver abscesses compared to 
cattle on the MON treatment (P < 0.05).  The FH cattle had the highest DP and differed from 
MON and FL treatments (P < 0.05), but not from CON and MON+FL treatments (P > 0.05).  
Furthermore, cattle on the FH treatment had the highest REA and differed from cattle on the 
MON treatment (P < 0.05).  However, BF thickness was not different among the treatments 
(P > 0.05).  In our study we found that steers on the MON+FL treatment had the best 
cutability, or better YG (P < 0.05).  The QG was not different among treatments (P > 0.05), 
nevertheless, numerically the FH treatment cattle had a slightly higher QG than the cattle on 
the MON treatment.  The distributions of the QG were different in the percentages of Prime 
and High Choice carcasses (P < 0.05).  In general, cattle consuming high doses of functional 
oils had a higher percentage of Prime QG carcasses compared to the other treatments.  
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When using actual prices, profitability was numerically higher or favored the feedlot 
steers on the MON+FL treatment and least favored the steers on the MON treatment (P > 
0.05).  On the other hand, when using the annual and seasonal price scenarios, profitability 
favored the steers on the FH treatment and least favored the cattle on the MON treatment (P 
> 0.05).   
From these results, one can conclude that steer calves provided FO in their diets 
showed similar ADG and FE to diets with monensin and FO and produced carcasses with 
acceptable YG and a higher percentage of Prime and Choice QG.  The use of a low dose of 
FO with an ionophore such as monensin or a high dose of FO without monensin in a cattle 
drylot finishing system, may be the most profitable feeding systems, at least as compared to 
other dietary treatments used in these comparisons.  Thus FO, which are natural products, 
may have potential for replacing synthetic products, such as the ionophores now used in 
cattle feedlot supplements, without hindering profitability and may even enhance 
profitability.  
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APPENDIX A. USDA QUALITY GRADE CONVERSION 
 
           Table 1. USDA Quality grade conversion 
USDA quality grade Numerical value 
Prime + 12 
Prime  11 
Prime - 10 
Choice + 9 
Choice 8 
Choice - 7 
Select + 6 
Select  5 
Select - 4 
Standard + 3 
Standard  2 
Standard - 1 
Utility  0 
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APPENDIX B. ECONOMIC ANALYSES WORKSHEETS 
Table 1. Base example for CONTROL cattle  
 
Revenue  Live price    $   
 Sales income   lb @ $   
 Death loss (1%)   $   
Gross Income (Sales income - death loss)   $   
Variable Cost  Feeder cost    lb @ $   
 Interest on feeder cost (8%)   $   
Feed cost     1. Shelled Corn   bu @ $   
    2. Alfalfa hay    ton @ $   
    3. Distillers Grain    ton @ $   
    4. Salt  lb @ $   
    5. Molasses    cwt @ $   
    6.Trace Minerals   lb @ $   
 Total feed costs (Sum 1-6)  $   
Other costs     7. Veterinary and health   $   
    8. Machinery and equipment  $   
    9. Marketing and miscellaneous  $   
    10. Interest on feed and other costs $   
    11. Labor,  $ 9/hr for 2 hr  $   
    12. Trucking    $   
 Total other costs (Sum 7-12)  $   
Total Variable Costs  (Feeder cost + interest on feeder cost +  $   
     total feed costs + total other costs)   
Income over variable cost  (Gross income - total variable costs)  $   
Fixed cost  (Machinery, equipment, housing)  $   
Total all costs  (Total variable costs+ fixed costs) $   
Cost of gain     cwt @ $   
Break-even price for live price    cwt @ $   
Break-even price for carcass price    cwt @ $   
Return to management  (Gross income - total all costs)  $   
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APPENDIX C. SENSITIVITY ANALYSES RESULTS  
Table 1.  Economic variables for corn price increase by 5% when using actual prices by treatment 
 
  Treatment1   
Variable  CON MON MON+FL FL FH SEM SD 
Initial wt, lb 730.71 733.00 729.69 731.11 733.42 4.31 27.23 
Final wt, lb  1,342.50 1,350.00 1,346.36 1,329.94 1,333.02 5.99 37.90 
Feeder price, $/cwt 103.21 103.21 103.21 103.21 103.21 - - 
Purchase value, $/hd 753.05 754.16 754.32 753.90 755.86 0.73 4.65 
Hot carcass wt, lb 819.29 808.17 822.48 806.77 819.40 4.24 26.82 
Carcass value, $/hd 1,198.39 1,185.33 1,205.25 1,184.81 1,209.24 20.25 128.06 
Total feed cost, $/hd 330.24 321.76 324.56 319.66 333.61 4.37 27.63 
Corn cost, $/hd 245.63 237.17 239.16 237.80 248.40 4.09 25.84 
Interest on cattle, $/hd 27.23 27.27 27.28 27.27 27.34 0.03 0.17 
Total variable cost, $/hd 1179.36 1172.03 1174.99 1169.66 1185.63 4.16 26.30 
Total cost, $/hd 1193.36 1186.03 1188.99 1183.66 1199.63 4.16 26.30 
Cost of gain, $/cwt 71.57ab 68.71b 71.67ab 70.52b 74.35a 2.35 14.88 
Breakeven price, $/cwt live wt  88.25 87.29 87.35 88.21 89.13 0.56 3.53 
Breakeven price, $/cwt hot carcass 144.65 145.51 143.55 145.44 145.11 1.04 6.59 
Return to management, $/hd (6.95) (12.55) 4.21 (10.69) (2.49) 22.82 144.31 
a,b Means within the same row with different superscripts differ (P < 0.05).    
1  CON = control, MON = monensin, MON+FL = monensin plus functional oil low dose, FL = functional oil low dose, FH = 
functional oil high dose.  
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Table 2.  Economic variables for corn price decrease by 5 % when using actual prices by treatment 
  Treatment1   
Variable  CON MON MON+FL FL FH SEM SD 
Initial wt, lb 730.71 733.00 729.69 731.11 733.42 4.31 27.23 
Final wt, lb  1,342.50 1,350.00 1,346.36 1,329.94 1,333.02 5.99 37.90 
Feeder price, $/cwt 103.21 103.21 103.21 103.21 103.21 - - 
Purchase value, $/hd 753.05 754.16 754.32 753.90 755.86 0.73 4.65 
Hot carcass wt, lb 819.29 808.17 822.48 806.77 819.40 4.24 26.82 
Carcass value, $/hd 1,198.39 1,185.33 1,205.25 1,184.81 1,209.24 20.25 128.06 
Total feed cost, $/hd 306.84 299.25 301.78 297.02 309.94 3.99 25.22 
Corn cost, $/hd 222.23 214.66 216.39 215.15 224.74 3.70 23.39 
Interest on cattle, $/hd 27.23 27.27 27.28 27.27 27.34 0.03 0.17 
Total variable cost, $/hd 1155.97 1149.52 1152.21 1147.01 1161.97 3.79 23.97 
Total cost, $/hd 1169.97 1163.52 1166.21 1161.01 1175.97 3.79 23.97 
Cost of gain, $/cwt 71.57ab 68.71b 71.67ab 70.52b 74.35a 2.35 14.88 
Breakeven price, $/cwt live wt  86.50 85.61 85.65 86.49 87.35 0.53 3.34 
Breakeven price, $/cwt hot carcass 141.77 142.71 140.76 142.61 142.21 0.99 6.26 
Return to management, $/hd 16.44 9.96 26.99 11.95 21.17 22.49 142.21 
a,b Means within the same row with different superscripts differ (P < 0.05).    
1  CON = control, MON = monensin, MON+FL = monensin plus functional oil low dose, FL = functional oil low dose, FH = 
functional oil high dose.  
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Table 3.  Economic variables for feeder price increase by 5 % when using actual prices by treatment 
  Treatment1   
Variable  CON MON MON+FL FL FH SEM SD 
Initial wt, lb 730.71 733.00 729.69 731.11 733.42 4.31 27.23 
Final wt, lb  1,342.50 1,350.00 1,346.36 1,329.94 1,333.02 5.99 37.90 
Feeder price, $/cwt 108.37 108.37 108.37 108.37 108.37 - - 
Purchase value, $/hd 790.71 791.88 792.04 791.60 793.66 0.77 4.88 
Hot carcass wt, lb 819.29 808.17 822.48 806.77 819.40 4.24 26.82 
Carcass value, $/hd 1,198.39 1,185.33 1,205.25 1,184.81 1,209.24 20.25 128.06 
Total feed cost, $/hd 318.54 313.17 310.47 308.34 321.77 4.18 26.62 
Corn cost, $/hd 233.93 225.87 227.78 226.47 236.57 3.89 24.61 
Interest on cattle, $/hd 28.59 28.64 28.64 28.63 28.71 0.13 0.80 
Total variable cost, $/hd 1206.68 1199.81 1202.69 1197.40 1212.97 3.97 25.08 
Total cost, $/hd 1220.68 1213.81 1216.69 1211.40 1226.97 3.97 25.08 
Cost of gain, $/cwt 65.27ab 62.47b 65.41ab 64.08b 67.90a 2.44 15.42 
Breakeven price, $/cwt live wt  90.29 89.36 89.40 90.29 91.18 0.55 3.49 
Breakeven price, $/cwt hot carcass 147.99 148.95 146.92 148.87 148.44 1.04 6.55 
Return to management, $/hd (34.28) (40.34) (23.49) (38.44) (29.83) 22.63 143.11 
a,b Means within the same row with different superscripts differ (P < 0.05).    
1  CON = control, MON = monensin, MON+FL = monensin plus functional oil low dose, FL = functional oil low dose, FH = 
functional oil high dose.  
 
 
 
 86 
Table 4.  Economic variables for feeder price decrease by 5 % when using actual prices by treatment 
  Treatment1   
Variable  CON MON MON+FL FL FH SEM SD 
Initial wt, lb 730.71 733.00 729.69 731.11 733.42 4.31 27.23 
Final wt, lb  1,342.50 1,350.00 1,346.36 1,329.94 1,333.02 5.99 37.90 
Feeder price, $/cwt 103.21 103.21 103.21 103.21 103.21 - - 
Purchase value, $/hd 715.40 716.45 716.60 716.20 718.07 0.70 4.41 
Hot carcass wt, lb 819.29 808.17 822.48 806.77 819.40 4.24 26.82 
Carcass value, $/hd 1,198.39 1,185.33 1,205.25 1,184.81 1,209.24 20.25 128.06 
Total feed cost, $/hd 318.54 313.17 310.47 308.34 321.77 4.18 26.62 
Corn cost, $/hd 233.93 225.87 227.78 226.47 236.57 3.89 24.61 
Interest on cattle, $/hd 25.88 25.91 25.92 25.90 25.97 0.11 0.73 
Total variable cost, $/hd 1128.65 1121.66 1124.52 1119.28 1134.64 3.98 25.17 
Total cost, $/hd 1142.65 1135.66 1138.52 1132.28 1148.64 3.98 25.17 
Cost of gain, $/cwt 77.86ab 74.95b 77.93ab 76.95ab 80.81a 2.27 14.35 
Breakeven price, $/cwt live wt  84.46 83.55 83.60 84.41 85.30 0.53 3.37 
Breakeven price, $/cwt hot carcass 138.43 139.26 137.39 139.18 138.87 0.99 6.29 
Return to management, $/hd 43.76 37.81 54.68 39.69 48.50 22.67 143.39 
a,b Means within the same row with different superscripts differ (P < 0.05).    
1  CON = control, MON = monensin, MON+FL = monensin plus functional oil low dose, FL = functional oil low dose, FH = 
functional oil high dose.  
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Table 5.  Economic variables for cattle carcass price increase by 5 % when using actual prices by treatment 
  Treatment1   
Variable  CON MON MON+FL FL FH SEM SD 
Initial wt, lb 730.71 733.00 729.69 731.11 733.42 4.31 27.23 
Final wt, lb  1,342.50 1,350.00 1,346.36 1,329.94 1,333.02 5.99 37.90 
Feeder price, $/cwt 103.21 103.21 103.21 103.21 103.21 - - 
Purchase value, $/hd 753.05 754.16 754.32 753.90 755.86 0.73 4.65 
Hot carcass wt, lb 819.29 808.17 822.48 806.77 819.40 4.24 26.82 
Carcass value, $/hd 1258.31 1244.60 1265.52 1244.06 1269.71 21.26 134.48 
Total feed cost, $/hd 318.54 313.17 310.47 308.34 321.77 4.18 26.62 
Corn cost, $/hd 233.93 225.87 227.78 226.47 236.57 3.89 24.61 
Interest on cattle, $/hd 27.23 27.27 27.28 27.27 27.34 0.03 0.17 
Total variable cost, $/hd 1,167.66 1,160.73 1,163.60 1,158.34 1,173.80 3.99 25.26 
Total cost, $/hd 1,181.66 1,174.73 1,177.60 1,172.34 1,187.80 3.99 25.26 
Cost of gain, $/cwt 81.49ab 78.39b 81.52ab 80.48ab 84.53a 2.39 15.09 
Breakeven price, $/cwt live wt  84.38 86.45 86.50 87.35 88.24 0.54 3.43 
Breakeven price, $/cwt hot carcass 143.21 144.10 142.15 144.03 143.66 1.02 6.42 
Return to management, $/hd 64.07 57.42 75.26 59.28 69.21 23.65 149.55 
a,b Means within the same row with different superscripts differ (P < 0.05).    
1  CON = control, MON = monensin, MON+FL = monensin plus functional oil low dose, FL = functional oil low dose, FH = 
functional oil high dose.  
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Table 6.  Economic variables for cattle carcass price decrease by 5 % when using actual prices by treatment 
  Treatment1   
Variable  CON MON MON+FL FL FH SEM SD 
Initial wt, lb 730.71 733.00 729.69 731.11 733.42 4.31 27.23 
Final wt, lb  1,342.50 1,350.00 1,346.36 1,329.94 1,333.02 5.99 37.90 
Feeder price, $/cwt 103.21 103.21 103.21 103.21 103.21 - - 
Purchase value, $/hd 753.05 754.16 754.32 753.90 755.86 0.73 4.65 
Hot carcass wt, lb 819.29 808.17 822.48 806.77 819.40 4.24 26.82 
Carcass value, $/hd 1138.47 1126.07 1144.99 1125.58 1148.78 19.23 121.64 
Total feed cost, $/hd 318.54 313.17 310.47 308.34 321.77 4.18 26.62 
Corn cost, $/hd 233.93 225.87 227.78 226.47 236.57 3.89 24.61 
Interest on cattle, $/hd 27.23 27.27 27.28 27.27 27.34 0.03 0.17 
Total variable cost, $/hd 1,167.66 1,160.73 1,163.60 1,158.34 1,173.80 3.99 25.26 
Total cost, $/hd 1,181.66 1,174.73 1,177.60 1,172.34 1,187.80 3.99 25.26 
Cost of gain, $/cwt 61.70ab 59.03b 61.83ab 60.55ab 64.18a 2.32 14.68 
Breakeven price, $/cwt live wt  84.38 86.45 86.50 87.35 88.24 0.54 3.43 
Breakeven price, $/cwt hot carcass 143.21 144.10 142.15 144.03 143.66 1.02 6.42 
Return to management, $/hd (54.57) (59.93) (44.06) (58.02) (50.51) 21.65 136.96 
a,b Means within the same row with different superscripts differ (P < 0.05).    
1  CON = control, MON = monensin, MON+FL = monensin plus functional oil low dose, FL = functional oil low dose, FH = 
functional oil high dose.  
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